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ITEMS  AND  NOVELTIES. 

The  Delaware  Bridge,  between  Philadelphia  and  Camden, 
N.  J. —  [Read  at  the  stated  meeting  of  the  Franklin  Institute,  De- 
cember 21,  1870,  bj  Hector  Orr.]  — The  foots  and  inferences  which 
T  shall  offer  to  the  Institute  are  taken  from  the  highly  circumstan- 
tial and  complete  report  of  the  architects  of  the  work,  prepared  for 
the  information  of  the  Secretary  of  War,  and  which  has  been  expli- 
citly commended  by  the  commissioners  appointed  to  examine  the 
same.  Each  pound  of  weight  and  each,  foot  of  surface  have  been 
carefully  ascertained  and  set  forth,  leaving  nothing  farther  on  the 
subject  to  be  desired. 

From  this  long  array  of  details  we  learn  that,  according  to  the 

design,  the  Bridge  will  consist  of  four  spans  over  the  water-way, 

suspended  by  steel  wire  cables,  and  of  a  raised  roadway  or  approach 

at  eacb  end,  at  the  respective  sides  of  the  river.     The  western  ap- 
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proacli  begins  at  the  eastern  side  of  Second  street,  Philadelphia, 
at  an  elevation  of  36|  feet  above  low  water  ;  ascending  by  a  uniform 
grade  of  5  feet  per  100  feet,  the  roadway  attains  an  elevation  of 
74:-03  feet  at  the  distance  of  750  feet  east  of  Second  street,  at  the 
centre  of  the  first  pier.  This  pier  is  located  immediately  east 
of  Delaware  avenue.  The  approach  rests  partly  on  embankment 
with  side  walls,  and  partly  on  arches.  Front  street,  Philadelphia, 
will  be  spanned  by  two  arches  over  the  sidewalks,  and  a  central  arch 
over  the  roadway  at  an  elevation  of  20  feet  in  the  centre.  At  Water 
street  the  elevation  of  the  grade  admits  of  an  arch  over  the  entire 
street  of  40  feet.  Delaware  avenue  will  be  spanned  by  an  archway 
of  50  feet  chord. 

From  the  centre  of  the  first  ^?'er  to  the  centre  of  the  last  tower  the, 
roadway  describes  an  arc  of  a  circle,  the  versed  sine  of  which 
is  89  feet ;  the  grades  of  the  respective  approaches  being  tan- 
gential to  this  carve.  The  Camden  approach  descends  from  a  dis- 
tance of  1350  feet,  at  the  rate  of  5  feet  per  hundred  feet,  terminating 
250  feet  east  of  Front  street,  Camden. 

The  river  Bridge  consists  of  two  spans  of  762  feet  each^ — two 
spans  of  738  feet  each — and  one  double  draw  120  feet  in  length  be- 
tween centres  of  piers  at  low  water.  The  clear  elevation  above  low 
water  of  certain  points  will  be, — 72  feet  at  Philadelphia  front;  91 
feet  at  centre  of  first  span  ;  97  feet  adjacent  to  the  draw  ;  111  feet 
at  centre  of  second  span;  110  feet  at  centre  of  third  span  ;  and  91 
feet  at  centre  of  fourth  span. 

The  floor  of  the  Bridge  and  its  approaches  will  be  36  feet  in 
width,  divided  into  a  roadway  20  feet  in  the  clear  between  guards, 
and  24  feet  between  curbstones  ;  and  two  sidewalks,  each  6  feet 
clear  of  the  trusses.  Each  line  of  travel  is  directed  by  double  lines 
of  iron  tramways,  so  arranged  as  to  accommodate  vehicles  of  dif- 
ferent gauges.  The  floor  is  constructed  in  such  manner  as  to  pre- 
vent undue  oscillation.  The  material  (except  the  planking)  will  be 
wrought  iron.  Transverse  joists  of  rolled  beams,  8  inches  in  depth, 
are  placed  at  intervals  of  5  feet,  and  extend  the  entire  width  of  the 
floor.  These  joists  pass  between  a  central  rib,  composed  of  two 
wrought  iron  beams,  respectively  12  inches  in  depth,  forming  a 
compound  beam  or  truss  32  inches  in  depth,  and. extending  through 
each  of  the  spans.  The  floor  is  farther  stiffened  by  two  main  wrought 
iron  trusses,  10  feet  in  height,  separating  the  roadway  from  the  side- 
walks, and  by  handrail  trusses  of  wrought  iron  4  feet  high,  pro- 
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tccliii^^  lli(!  sitlcwiilks.  Adjacent  to  the  main  trusses,  and  at  caclj 
side,  ar<!  built,  beams  (jC  \V(j<;d  .S  X  12,  above  and  below  the  floor 
Joists,  with  pieces  8  X  8  packed  between  the  irunsverse  joists. 
These  tiniljors  form  continiions  ribs,  extending  tliroughout  the  floor, 
and  are  n(;t  adected  l>y  tlie  variations  of  temperature,  and  thercl'ore 
afford  an  cfl'eetivc  medium  to  resist  tlie  horizontal  action  of  the 
stays.  The  irou  trusses  are  j)rovidcd  with  slip-joints,  at  intervals 
of  40  feet,  to  compensate  for  vai'iations  in  length  caused  by  changes 
of  temperature.  The  floor  joists  will  be  securely  trussed  at  centre, 
and  fastened  by  suitable  stirrups  to  the  main  trusses.  The  sus- 
penders arc  attached  directly  to  the  floor  joists  immediately  outside 
of  the  main  trusses.  The  planking  of  roadway  consists  of  one  course 
of  white  pine,  2}^  inches  thick,  laid  lengthwise;  one  similar  cour.se 
laid  diagonally  ;  and  one  upper  course  of  white  oak,  2J  inchesthick, 
laid  transversely.  The  sidewalks  will  have  one  course  of  white 
pine  planking  and  one  course  of  white  oak,  2|  inches  thick.  The 
lower  planking  will  be  bolted  to  the  iron  joists,  the  upper  course 
being  secured  by  wood- screws.  The  lumber  will  be  previously 
seasoned  and  treated  by  an  improved  preservative  process,  and  be 
laid  with  coal  tar  between  each  course. 

To  provide  against  lateral  movement  the  floor  will  have  a  system 
of  effective  horizontal  bracing.  The  stays  will  be  attached  to  the 
floor  a,t  intervals  of  15  feet,  within  the  tangent  lines  of  the  cables, 
and  will  greatly  assist  in  sustaining  the  floor,  reduce  oscillation, 
and  partially  maintain  the  equilibrium  of  adjacent  spans  when  under 
the  effects  of  unequal  loads. 

The  main  cables  (two  in  number)  consist  each  of  nineteen  strands 
of  steel  wire-rope,  each  2f  inches  in  diameter,  and  forming  one  com- 
bined cable,  11|  inches  in  diameter.  To  these  cables  are  attached 
the  suspenders  of  iron-wire  rope,  If  inches  in  diameter,  at  intervals 
of  5  feet.  Xear  the  centre  of  the  spans  the  suspenders  will  be  of 
solid  round  iron  bolts.  If  inches  diameter,  to  assist  in  preventing 
oscillation ;  and  where  the  suspenders  cross  the  stays  they  will  be 
combined  by  wrappings  of  iron  wire. 

Saddles,  movable  on  rollers,  are  provided  on  the  top  of  each 
tower,  to  pass  the  cables  and  stays,  and  allow  an  equalizing  move- 
ment between  the  cables  of  adjoining  spans.  When  the  cables  ap- 
proach the  anchorages,  they  are  attached  to  iron  chains,  composed 
of  flat  lird-cs  ;  these  will  extend  down  into  wells  in  the  solid  rock, 
and  will  be  effectually  secured  by  heavy  cast  iron  anchor  plates. 
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The  piers  and  towers  have  received  the  special  consideration  of 
the  architects  and  Bridge  Company.  The  first  pier  at  Delaware 
avenue  has  been  designed  with  particular  reference  to  the  accom- 
modation of  the  Ferry  Landing.  This  pier  will  consist  of  masonry 
founded  upon  rock  bottom.  At  the  level  of  the  avenue  an  archway 
20  feet  in  width  passes  through  the  masonry,  east  and  west.  The 
stone  work  is  carried  to  the  floor  level,  from  which  rises  the  cast 
iron  towers  to  sustain  the  cable.  The  last  pier  will  consist  of  ma- 
sonry founded  on  piles  driven  to  the  rock,  and  will  terminate  with 
cast  iron  towers  above  the  roadway.  At  the  draw  piers  rock  is 
found  at  the  depth  of  88  feet  below  low  water. 

In  place  of  piers  of  simple  masonry  sunk  on  caissons  by  the  2^Ze- 
nuni  process,  massive  iron  cylinders  have  been  designed  for  the 
foundation  piers  and  towers.  A  sufficient  number  of  iron  pipes, 
of  adequate  section,  securely  bolted  together,  on  an  improved  plan 
suggested  by  Mr.  Speakman,  will  be  driven  to,  and  sunk  into,  solid 
rock.  The  interior  will  be  excavated  and  filled  with  concrete.  At 
low  water,  these  cylinders  will  be  capped  and  firmly  braced ;  the 
mud  will  be  removed  from  between  and  around  them,  the  space 
enclosed  by  sheet  piling  and  filled  with  concrete  10  feet  in  depth. 
The  exterior,  from  high  water  to  sufficient  depth  below  low  water, 
will  have  suitable  timber  protection  to  obviate  all  danger  from^  con- 
tact with  vessels  ;  and  iron  ice-breakers  of  great  strength  are  de- 
signed for  each  pier  exposed  to  the  current.  At  low  water  the  ta- 
pering piers  commence,  which  consist  of  iron  columns,  effectually 
flanged  and  bolted  together.  These  are  braced  in  the  vertical  and 
horizontal  planes  by  suitable  struts  and  strong  wrought  iron  ties. 
The  towers  commence  at  the  end  of  the  roadway,  and  are  constructed 
of  tubular  columns  of  cast  iron,  firmly  braced  in  every  direction, 
and  capped  by  an  immense  bearing  plate,  which  supports  the  saddles 
for  the  cables. 

At  centres  of  the  towers  the  cables  are  placed  45  feet  between 
centres,  and  are  drawn  together  near  the  centres  of  each  span,  where 
they  will  be  22  feet  from  centre  to  centre. 

The  draw  is  located  at  the  termination  of  the  first  span  on  the 
eastern  side  of  the  Philadelphia  channel.  At  a  distance  of  150  feet 
from  the  draw  piers,  the  floor  lines  will  diverge,  forming  two  branch 
bridges,  which,  with  the  direct  bridge,  will  be  continued  to  the  draw 
piers.  These  will  be  connected  with  lifting  draws,  balanced  by 
counter  weights,  and  operated  safely  and  rapidly  by  the  most  ap- 
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))rt)V(!(l  ;i|i|tli;Lii(rs,  .M)  tli.it  i1h'(|i;i\v;  iiiav  Ik.-   raised  or  lovverctl  in 
hall'  a  iiiiiiiitf. 

GENI'iUAL  .SIMMAKV. 

I.cii;;lli  of  wi'sli  rti  iipiirmicli T.'j'J  ft;<:t. 

..f  S  lS|„.rulr,l   IJli.li^- .'{i2<)   " 

uf  cii.^lcrn  ;i|i|piimcli| IIJoJ  *• 

'J'ol.ll  Icll-ll.  of  IJli.l-.', .V_'2(J  f.:..-t. 

Number  of  suspcndod  Hpan.«, 1. 

I.cn!;th  of  lirst  span,  centre!  to  cciritro  of  piers,  TilJ  T'l-t 

"         of  draws,  "  "  "  l-'O  " 

"         of  second  span,  "  "  '•  "i-iS  *' 

"         of  third  si)an,     "  "  "  7''}8  '* 

"         of  fourth  span,  "  "  "  7fJ2  " 

Height  of  first  pier  above  U)\v  water, 72  " 

"         of  centre  of  first  s|ian  above  low  water '.H 

"         at  end  next  to  draw  '•  '■         '>!  " 

"         of  centre  of  second  span   "  "         Ill  " 

'■         of      '•  third  ?pan      "  -         110  " 

"         of       "  fourth  spun    "  "  91  " 

"         of  draw,  when  raised,       '•  •  171  " 

Width  of  Bridge  over  all, 30  " 

"      of  roadway  clear  of  guards, -()      • 

"      of  sidewalks  in  clear,  (J  " 

Deflection  of  cables,  * 75  " 

Number  of  steel  cables,  main  bridge, 2. 

Diameter  ditto  (19  strands), lit  ii- 

"  ditto  extra  cables  for  draws, 4^  in. 

Total  capacity  of  cables  and  stays. 11,370  tons. 

Katio  of  maximum  load  to  ultimate  strength,  as         1  to  5-2. 

Ultimate  strength  of  anchor  chains, 12,000  tons. 

We  thus  have  the  profile  (pictorial  and  statistical)  of  a  Bridge 
rather  more  than  a  mile  in  length,  intended  to  connect  Pennsylvania 
with  New  Jersey,  and  furnish  a  means  of  intercourse  for  travel  and 
merchandise,  independent  of  all  vicissitudes  of  time  and  season, — 
and  yet  allow  the  passage  up  and  down  the  Delaware  river  of  all 
craft  that  have  hitherto  floated  upon  its  waters.  At  the  city  of 
London,  England,  (whose  commerce,  certainly,  has  some  weight  in 
the  social  balance,)  whenever  her  great  hive  swarms  out  over  a 
few  hundred  yards  of  new  territory  along  the  Thames  river,  a  neic 
bridr/e  is  built,  without  regard  to  height  of  masts  or  rent  of  wharves 
and  docks,  and  with  no  ruin,  or  even  remonstrance,  following  the 
act.  For  her  merchants  and  sea.men  know,  that  every  mile  by 
which  they  move  their  port  towards  the  sea,  shortens  the  voyage 
and  lessens  its  risk  ;  and  if  the  city  will  thus  insist  on.  crowding 
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the  ships,  the  "  wooden  walls"  can  stand  the  game  quite  as  long 
as  the  brick  ones  can  !  In  Philadelphia,  however,  we  have  a  habit 
of  trying  to  please  everybody — and  with  no  better  success  in 
general  than  attended  the  venerable  attempt  recorded  in  our  early 
school  books. 

Nevertheless,  one  more  attempt  in  the  "conservative"  line  is  here 
proposed  in  this  Bridge,  in  which  various  tastes  and  interests  are 
consulted;  which  will  spare  for  the  present  the  square-rigged  ton- 
nage of  even  Trenton  and  Tacony,  and  yet  secure  to  the  city  of  Phi- 
ladelphia a  proper  footing  upon  her  own  Delaware. 

Lubricator, — David  Adamson's  Patent^  Dec.  7th^  1869. — This 
apparatus  consists  of  a  piston,  B,  working  in  a  cylinder,  A,  and  upon 
an  internal  tubular  rod,  c.  The  cylinder  and  rod  are  secured  con- 
centrically to  the  base,  D,  which 
latter  is  connected  with  the  parts 
to  be  lubricated  by  the  usual 
screw  joint,  and  is  furnished  with 
a  plug,  E,  and  three  openings  ex- 
tending through  and  through, 
one  in  the  centre,  continuous 
with  that  in  the  rod,  and  the 
others,  i,  i,  communicating  with 
the  base  of  the  cylinder,  A.  All 
are  opened  or  shut  at  the  same 
time,  by  turning  the  plug,  E. 
The  cylinder  cap,  F,  is  provided 
with  a  central  valve,  the  conical 
end  of  which  enters  the  rod  c  at 
H.  The  piston  and  valve  stem 
are  furnished  with  the  usual  stuf- 
fing box  packings.  When  the 
plug  E  is  closed  the  cap  F  may 
be  removed,  the  piston  forced 
down,  and  the  cylinder  charged 
with  grease :  then  by  replacing 
the  cap,  setting  the  valve  close' 
into  its  seat,  and  the  plug  opened, 
steam  enters  the  openings  I,  i,  pressing  against  the  bottom  of  the 
piston  and  forcing  the  grease,  the  amount  of  which  passing  from  the 
cylinder  A  may  be  regulated  by  the  valve  G. 
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Tlic  |)islon  is  f()i(U',(l  buck  iisuiilly  by  uliufxsphcric  pressure,  tlif; 
steam  beneath  it  condcnsinr;  when  the  pbjg  is  closed.  The  water 
of  condensation  runs  back  through  i,  when  the  lubricator  is  in  use, 
vertically,  or  may  be  drawn  oft'  by  cock  at  K. 

A  composite  grease  is  used  in  this  apparatus,  the  components  of 
which  we  cannot  here  name;  it  is  of  the  consistency  of  lard,  and  is 
therefore  easily  transferred  to  the  cylinder,  and  is  readily  reduced 
to  a  liquid  by  the  heat  of  the  steam  conduetfid  through  the  mass  of 
the  piston  and  cylinder,  .;,  h.  c. 

New  Hydrostatic  Gas  Press. — Those  who  have  experimented 
with  the  oxy-hydrogcn  light  in  connection  with  the  stereopticon, 
gas-microscope  and  polariscope,  have  felt  the  necessity  of  a  more 
durable,  eftective  and  convenient  mode  of  applying  the  pressure 
upon  the  gases,  than  that  ordinarily  used.  The  new  Ilydrostatic 
Gas  Press  fulfils  these  requirements,  and  is  designed  as  a  substitute 
for  other  modes  of  producing  the  necessary  pressure.  It  is  an  ap- 
plication of  the  well  understood  principle,  that  the  pressure  of  water 
depends  upon  the  height  and  not  upon  the  quantity  of  water.  The 
instrument  to  make  this  force  available  is  represented  in  the  figure, 
and  an  explanation  of  its  modes  of  operation  is  here  given.  It  con- 
sists of  two  cylinders,  each  with  two  orifices  and  an  elevated  Avater 
reservoir, 

A  and  B  represent  the  cyl- 
inders constructed  either  of 
copper  or  iron,  and  suffi- 
ciently strong  to  sustain,  at  a 
maximum,  twenty  pounds  to 
the  square  inch.  The  lower 
orifices  are  for  water,  and  are 
so  arranged  that  it  can  flow  in 
or  out,  as  the  operator  may 
desire.  The  upper  orifices 
are  for  the  inlet  and  outlet  of 
gas.  H  and  E  are  connected 
with  the  jet,  and  F  and  g  are 
used  for  filling  the  cylinders 
with  gases.  The  cylinders  are  first  filled  with  water  by  opening  c, 
P,  and  o  ;  the  air  escaping  through  F  and  g.  When  full,  c,  P,  and 
0  are  closed,  a  is  filled  with  oxygen  by  connecting  F  with  the 
wash  bottle  of  the  oxygen  generator  ;  while  the  gas  is  entering,  o 
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and  D  are  open  to  permit  the  water  to  escape.  The  water  gauge, 
made  of  glass,  on  the  side  of  the  cylinder,  indicates  the  amount  of 
of  gas.     o  is  closed  when  the  cylinder  is  full. 

The  cylinder,  B,  is  filled  with  illuminating  gas  or  hydrogen  in  the 
same  manner.  The  vessels  being  filled  with  gases,  the  stopcock  D, 
in  the  outlet  pipe,  is  closed,  and  the  apparatus  is  ready  for  experi- 
ment. 

The  manipulation  then  consists  in  turning  the  stopcock  c  in  the 
water  inlet  pipe,  which  should  be  done  about  half  an  hour  before 
igniting  the  gases  at  the  jet,  to  allow  the  gases  to  be  condensed  ;  as 
the  water  flows  into  the  cylinders  the  gases  are  pressed  upward, 
and  forced  through  h  and  E  to  the  jet.  The  reservoir  R,  when  per- 
manently arranged,  should  be  supplied  with  a  float  stopcock  and 
kept  constantly  filled  with  water.  The  pressure  upon  the  gases 
will  depend  upon  the  elevation  of  the  reservoir  above  the  cylinders. 
A  height  often  feet  will  give  about  five  pounds  to  the  square  inch  ; 
twenty  feet,  ten  pounds,  &c.  The  amount  of  pressure  upon  gas 
bags  rarely  exceeds  half  a  pound  to  the  square  inch,  which  can  be 
obtained  with  the  reservoir  one  foot  higlier  than  the  cylinders.  The 
reservoir  may  be  dispensed  with,  and  the  water  inlet  pipe  be  con- 
nected with  the  city  water  pipes.  This  answers  admirably,  but  is 
not  so  uniform  as  the  reservoir.  The  portable  form  of  this  appa- 
ratus should  be  so  constructed  that  the  cylinders  can  be  placed  into 
the  reservoii's. — J.  G.  M. 

Telegraphic  Possibilities. — A  late  number  of  the  Enrjineer 
gives  a  refreshing  collation  of  the  possibilities  of  telegraphy  on  the 
completion  of  the  Russian-American  telegraph  line. 

A  telegram  from  Alaska  for  New  York,  leaving  Sitka,  say  at 
6'-iO  on  Monday  morning,  would  be  received  at  Necoleaf,  Siberia, 
at  six  minutes  past  one  on  Tuesday  morning;  at  St.  Petersburg, 
Russia,  at  three  minutes  past  six  on  Monday  evening ;  at  London, 
twenty-two  minutes  past  four  on  Monday  afternoon ;  and  at  New 
York,  at  forty-six  minutes  past  six  on  Monday  forenoon.  Thus, 
allowing  twenty  minutes  for  each  re-transmission,  a  message  may 
start  on  the  morning  of  one  day,  to  be  received  and  transmitted  the 
next  day,  again  received  and  transmitted  on  the  afternoon  of  the  day 
it  starts,  and  finally  reaches  its  destination  on  the  forenoon  of  the 
first  day — the  whole  taking  place  in  one  hour. 

Directional  Rain  Gauge. — At  the  last  meeting  of  the  Philo- 
sophical   Society  of  Griasgow,  Mr.   James  R.  Napier  described  a 
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now  I'oiiii  ()l";^!Ui<i;(',  crci-tfil  ;il  SIi;im«1ihi,  on  tli«!  (iiirclocli,  for  disco- 
veriiig  tlio  wet  winds,  ;iiid  the  :irM<)iiiil  ol*  r.iin  ihoy  linvo  produced. 
In  moteoroloi^'ical  observations  these  results  are  arrived  at  by 
means  of  expensive  sell'-re<;or(lin^  ap{)aratus,  not  always  reliable. 
Where  private  rcigistcrs  oC  rainrali  arc  kept,  the  direction  of  the 
wind  is  not  known  with  any  certainty  c.\.cept  at  the  times  of  obser- 
vation. In  tlie  j^ange  described,  the  rain  which  falls  dnrin;;  given 
winds  is  received  into  one  or  more  of  eight  vessels  surrfjnndin"  it. 
If  it  rains  while  the  wind  is  from  tlie  north,  or  between  the  N.  \v. 
and  N.  N.  E.,  tlie  north  vessel  receives  it;  if  from  the  N.  E.,  or  be- 
tween N.  N.  E.  and  E.  N.  E.,  the  northeast  vessel  receives  it,  &;c. ;  and 
the  total  amount  of  rainfall  during  all  the  wind's  changes,  is  in  one 
or  more  of  the  eight  vessels,  to  be  recorded  when  the  ob.scrver 
pleases.  The  principle  of  the  gauge  is  simply  that  of  an  ordinarv 
rain  gauge,  very  delicately  balanced  on  a  pivot,  with  a  vane  attached 
to  be  turned  by  the  wind,  and  a  spout  of  sufficient  length  to  deliver 
the  rain  into  surrounding  vessels.  To  prevent  the  angular  motions 
of  the  gauge  from  greatly  exceeding  those  of  the  wind,  a  weight, 
balancing  the  vane,-  &;c.,  is  suspended  as  a  pendulum  close  to,  but 
not  touching,  a  fixed  ring  surrounding  it,  as  in  Sir  William  Thom- 
son's "governor."  When  the  gauge  turns  suddenly  or  otherwise, 
the  friction  then  produced  between  the  weight  and  fixed  ring  by  the 
centrifugal  force  due  to  the  turning  controls  the  angular  motions. 
The  measurement  from  the  eight  vessels  may  be  by  the  usual  gra- 
duated glass  measure,  but  a  tin  measure,  having  a  hundredth  part 
of  the  area  of  the  gauge,  with  a  solid  wooden  piston  or  plunger,  of 
nearly  the  same  area,  has  been  found  to  give  by  the  sense  of  touch 
the  amount  of  rain  within  three  one-thousandths  of  an  inch. 

Itacolumite  i  Articulite). — The  attention  of  scientists  have 
recently  been  again  directed  to  the  structure  of  this  singular,  flex- 
ible rock,  b}'  an  article  in  the  Chemical  News,  from  the  pen  of  Prof. 
A.  M,  Edwards.  The  labor  of  Prof,  E.,  of  which  the  article  in 
question  is  a  summary,  was  undertaken  mainly  to  examine  and  con- 
firm the  results  obtained  in  1867  by  Prof.  C.  M.  Wetherill,  after  a 
microscopic  examination  of  the  rock.  The  last  named  investigator 
determined  the  flexibility  of  the  Itacolumite  to  be  due  to  "small  and 
innumerable  ball  and  socket  joints,  which  exist  throughout  the 
mass  of  the  stone  very  uniforml}-,"  and  proposed  for  it  the  name  of 
"  Articulite,"  Prof.  Edwards"  examination  resulted  unfavorably  to 
this  view  of  the  subject,  and  it  is  in  reply  to  his  paper,  above  re- 
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ferred  to,  that  Prof.  Wetherill  publislies  another  note  on  "Itacolu- 
mite,"  of  which  the  following  is  an  abstract : 

In  respect  to  the  joints,  it  may  be  said  that 

(1).  Each  ball  and  socket  does  not  admit  of  a  great  play,  and  is 
not  smooth  and  pcDfect  like  that  of  the  joint  of  a  limb ;  it  is,  not- 
withstanding,- perfect  in  principle  of  motion.  The  stone  is  built  up 
of  grains  and  congeries  of  grains  loosely  coherent,  and  forming  ir- 
regular cavities  in  which  are  engaged  projecting  parts  of  other  con- 
geries  or  grains  of  sand,  which  are  susceptible  of  a  slight  motion  in 
the  cavity — in  some  cases  in  one  direction,  and  in  others  in  several- 
or  in  all  directions.  This  freedom  of  motion  is  of  the  true  quality 
of  a  ball-and-socket  joint. 

(2).  The  motion  is  not  most  ''  marked  in  a  direction  at  right  an- 
gles to  the  lamination."  It  is  certainly  so  if  a  piece  be  taken  of 
which  the  thickness  is  small  in  proportion  to  the  other  dimensions ; 
but  that  is  not  the  method  by  which  the  true  motion  is  shown.  A 
properlj'-  made  section  is  susceptible  of  as  much  motion  in  the  plane 
of  lamination  as  at  right  angles  to  such  a  plane. 

(3).  The  proof  of  the  nature  of  the  joints  does  not  rest  solely  upon 
the  microscope,  although  that  alone  is  sufficient.  The  motions  of 
the  cylindrical  rod  afford  an  independent  and  equally  convincing 
demonstration  of  the  ball-and-socket  character.  There  is  no  other 
kind  of  joint  which  could  explain  the  motions  of  which  this  rod  is 
susceptible,  viz  : — "  It  can  be  compressed  and  elongated  in  the  direc. 
tion  of  its  axis,  the  extent  of  motion  being  a  little  over  |  m,  m. 
When  one  end  is  fixed,  the  other  end  may  describe  a  circle  of  34 
m.  m.  diameter,  and  may  be  made  to  touch  every  point  in  the  area  of 
the  a2yproximate  sj^herical  zone.  The  rod  can  also  he  twisted  about  its 
axis,  the  torsion  being  10°.  I  may  add  that,  by  shaking  the  rod 
near  the  ear,  one  may  hear  the  clicking  of  the  joints  as  the  motion 
is  arrested  at  the  limit  of  their  greatest  play. 

The  nature  of  the  curve  (nearly  a  catenary)  when  the  rod  is  sup- 
ported by  its  ends,  agrees  with  the  joints  which  I  have  described, 
and  confirms  also  the  revelations  of  the  microscope. 

I  have  never  seen  anything  so  wonderful  as  this  rod  of  itacolu- 
lite.  When  held  by  one  end  upward,  it  totters  in  all  directions,  so 
that  no  one,  seeing  it  at  a  short  distance,  believes  that  it  is  a  stone. 
A  gentleman  from  California,  to  whom  it  was  shown,  suggested 
jocularly  that  it  would  do  well  to  build  houses  with  in  his  earth- 
quake shaken  State.  Indeed,  I  have  no  doubt  that  a  sufficietly  high 
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uiid  thin  well  Wiiilt  \\;ill  Wf^uM  1)U  susceptible!  ol  a  deeideel  irioti'jii 
before  craekiiig.  'IMm-  Iieight  (-il"  \v;ill,  so  rnucli  greater  than  its 
tliieknesa,  would  permit  the  play  of  the  innumerable  small  joints, 
existing  from  the  bottom  to  the  top,  to  bo  pereeived. 

In  order  to  see  tlic  joints,  a  thin  seetion,  supported  at  one  end  or 
at  both  eiuls,  may  be  moved  while  un<liT  the  microscope  witli  a 
needle  jioint;  by  changing  the  jiosition  of  the  section,  a  part  rnay 
be  reached  at  which  the  play  of  the  joints  may  be  perceived.  They 
can  also  be  seen  by  dissecling  a  flexible  piece  of  the  mineral,  using 
cither  a  fra2;ment  or  a  surface  rubbed  flat.  The  surface  to  be  ex- 
amincd  is  inverted,  tapped,  and,  as  far  as  practicable,  brushed  free 
from  loose  grains.  It  is  then  examined  under  the  microscope  with 
a  power  of  -40  to  60  diameters. 

The  attention  of  the  observer  is  first  attracted  by  the  irregular 
pits  or  depressions  formed  by  grains  of  sand.  By  very  delicate 
touches  with  a  fine  curved  needle  point,  the  surface  may  be  inves- 
tigated ;  loose  grains  of  sand  are  seen  and  removed.  Touching 
other  grains  and  congeries  of  them  delicately  with  the  needle,  proves 
that  some  have  motion  in  a  cavity  formed  of  grains  of  sand  and  ce- 
mented together.  These  are  dissected  out,  and  other  ?novable 
groups  are  found.  Some  have  less  motion  than  others,  and  some 
are  immovable.  By  patient  investigation  of  the  mineral  in  this 
way,  the  observer  will  rise  satisfied  that  it  is  made  up  of  joints  of 
the  character  which  I  have  described. 

A  New  Pyrometer. — In  a  paper  read  before  the  French  Aca- 
demy, M.  Lamy  describes  a  pyrometer  of  peculiar  construction,  a 
condensed  description  of  which  will  be  found  below.  The  instru- 
ment is  a  practical  application  of  the  phenomenon  first  noticed  and 
described  with  numerous  experiments  by  M.  Saint-Claire  Deville, 
and  by  him  termed  Dissociation.  This  phenomenon  is  simply  that 
certain  gaseous  or  volatile  compounds,  on  being  subjected  to  an  in- 
creased temperature  are  partially  and  progressively  decomposed  to 
an  extent  dependent  upon  the  temperature,  and,  moreover,  that  the 
tension  of  the  elements  of  the  mixture ;  or,  as  its  discoverer  termed 
it,  the  tension  of  dissociation  increases,  but  is  constant  with  any 
given  temperature.  M.  Debray  extended  this  fundamental  law  to 
sold  substances,  which  consist  of  a  fixed  and  a  volatile  constituent ; 
as  carbonate  of  lime. 

In  this  particular  instance,  the  tension  of  dissociation  can  be  ex- 
actly measured.    Heated  in  vacuo  to  860°  (C),  it  decomposes  itself 
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to  an  extent  that  the  maximum  tension  of  the  disengaged  carbonic 
acid  equals  85  mm. ;  heated  to  1040°  the  evolved  gas  acquires  a 
pressure  of  520  mm. 

Just  as  water  evolves  a  vapor,  which  for  a  certain  temperature 
possesses  a  constant  or  maximum  tension,  so  also  the  carbonate  of 
lime,  only  at  a  relatively  much  higher  temperature,  evolves  car- 
bonic acid  until,  for  this  temperature,  enough  is  disengaged  to  ex- 
ercise, a  certain  constant  or  maximum  tension  ;  and  as  with  water 
the  tension  of  its  vapor  increases  with  the  temperature,  so  also  does 
the  tension  of  dissociation  of  the  carbonate  ;  and,  finally,  as  a  de- 
crease in  temperature,  causes  the  partial  condensation  of  the  con- 
fined water  vapor,  so  also  does  it  bring  about  the  partial  absorp- 
tion of  the  carbonic  acid  by  the  lime,  so  that  soon  the  tension  of 
dissociation,  like  that  of  aqueous  vapor,  will  have  fallen  to  a  value 
which  is  constant  for  the  altered  temperature. 

Upon  this  principle  the  simplicity  and  practical  working  of  the 
lime  pyrometer  of  M.  Lamy  Avill  be  readily  comprehended. 

It  consists  of  a  porcelain  tube  glazed  without  and  within,  which 
is  closed  at  one  end,  and  attached  at  the  other  to  a  two-armed  glass 
tube  containing  mercurj^,  or  to  any  other  manometrical  system. 

The  porcelain  tube  is  provided  with  powdered  calcite  or  with 
pure  marble,  as  far  as  it  is  exposed  to  the  fire,  and  is  then  com- 
pletely filled  with  carbonic  acid  by  heating  the  marble  to  redness. 
When  the  tube  returns  again  to  its  ordinary  temperature  the  car- 
bonic acid  will  have  been  completely  re-absorbed  by  the  lime,  and 
the  manometer  will  indicate  a  vacuum. 

The  chief  advantages  of  this  form  of  instrument  are  (by  the  author) 
stated  to  be  its  simplicity  and  the  consequent  cheapness  of  its  con- 
struction, that  it  demands  no  calculation  of  its  volume,  and  that  it 
is  not  liable,  at  least  during  an  operation,  to  get  out  of  order.  It  can 
readily  be  attached  to  the  majority  of  industrial  furnaces,  and  the 
manometer  can  be  attached  at  any  desirable  distance  from  the  fur- 
nace. It  is  only  necessary  in  practice  to  determine  once  for  all 
the  various  maximum  tensions  of  the  gas  corresponding  to  various 
temperatures. 

Erbswurst  (Pea  Sausage.) — Dr.  Diugler  informs  us  in  his  ex- 
cellent "  Journal "  that  a  cook  of  Berlin  has  discovered  a  process 
by  which  a  preparation  of  peas  may  be  kept  without  souring.  The 
Prussian  government  has  purchased  the  inventor's  secret  for  £5,555. 
The  Prussian  war  ofiice  has  bnilt  an  establishment  at  Berlin  capa- 
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blc  or  producing,.  25.000  sausages  of  this  i^roparaiion  uaily      It  is 
composed  o(  a  mixture  of  bacon,  peculiarly  prej,ared  pr,a  flour 
onions  and  other  ingredients  with  salt. 

The  sausages  are  sent  away  in  boxes,  containing  000  or  OOO 
weighing  one  pound  each,  for  use  in  tlie  army.  They  need  only  be 
boiled  in  water  to  be  ready  for  the  use  of  the  soldiers  The  daily 
ration  of  one  pound  is  found  to  be  suflicirnt  for  each  rnan 

Solar  Eclipse  of  December  22d,  1870.-It  may  be  interest- 
ing  to  those  of  our  readers  who  are  not  familiar  ivith  the  far-t  to 
know  that  two  American  parties,  under  the  leadership  of  Prof 
Pierce,  Superintendent  of  the  Coast  Survey,  Lave  been  organized  to 
observe  the  phenomenon  in  Sicily  and  Spain.  The  expenses  of 
the  expedition  have  already  been  cared  for  by  the  liberal  appropri- 
ation by  Congress,  of  829,000.  Of  the  two  parties  into  which  the 
expedition  is  divided,  the  one  to  observe  in  Sicily  will  be  under  the 
direct  eadership  of  Prof.  Pierce,  while  the  other  will  be  in  charge 
ot  1  rof  Winlock,  Director  of  the  Harvard  Observatory 

Journal  of  the  Franklin  Institute.-January,  1868  -The 
demands  for  sets  of  the  Journcd  have  recent! v  been  so  areat  as  to 
cause  a  serious  diminution  of  the  stock  on  hand.  Especially  doe. 
the  management  feel  the  want  of  the  number  heading  this  notice^ 
in  view  of  this  fact,  we  are  prepared  to  pay  50  cents  for  everv  un- 
mutilated  copy  of  that  number  which  is  sent  to  the  Hall  of  the  In 
stitute  ;  and  we  would  respectfully  request  any  of  our  subscribers 
who  may  have  a  knowledge  of  the  existence  and  whereabouts  of 
incomplete  volumes  to  aid  us  in  enlarging  our  stock  of  the  wanting 
number.  = 

CHEMICAL  ITEMS.-Yttrocerite.-C.Eammelsber.-Ber- 
zehus  gave  the  name  of  yttrocerite  to  a  mineral  from  the  neiohbor- 
hood  of  Pahlun  (Finbo)  which  occurs  along  with  gadolinite,^topas 
tantahferous  tin-stone  and  fluor-spar  in  a  cjuartz  vein  in  ..nei^s  It 
IS  massive,  of  blue  or  violet  color,  cleavable  along  the  octahedral 
pJanes,  harder  than  fluor-spar,  and  has  a  Sp.  G-.  =  3-447 

From  the  analyses  which  Berzelius  made  in  the  vear  1816  it  ap 
peared  that  yttrocerite  consists  of  the  calcic,  yttric^and  eerie  fluor- 
ides. Although  the  proportion  of  these  elements  in  two  anah-es 
was  nearly  the  same,  yet  Berzelius  left  it  undecided,  whether' the 
whole  was  a  combination  or  a  mixture  of  fluor-spar  with  the  fluor- 
ides of  cerium  and  yttrium. 
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Some  analysis  which  I  have  lately  made  of  the  j'-ttrocerite  from 
Finbo,  make  it  an  independent  compound,  I  obtained 

I.  II. 

Lime 47-27  49-32 

Cerous  oxide 9  35  )  in  ,  < 

Tttria 14-87}  ^^'^^ 

Ignition 2*52 

Berzelius  found  47-6 — 50-0  lime  ;  18-2 — 164  cerous  oxide  ;  and 
only  9-1— 8-1  yttria. 

When  the  atomic  weights  of  cerium  and  yttrium  ai'e  taken  as 

92  and  64,  it  follows  from  my  first  analysis  that  (Ce.  Y) :  Ca  =  1 :  3, 

and  Ce  :  Y  =  1  :  2,  and  the  whole  is — 

f    Ce  Flj  ) 
2    -^  2  Y  Flj    \    +  3  aq. 
i9CaFlJ 

Berzelius  found  Y  :  Ce  =  2  :  3  atoms,  and  in  this  respect  only 
do  the  analyses  differ.  This  is  either  a  consequence  of  the  analyti- 
cal method,  or  the  proportion  in  which  these  two  elements  occur  is 
variable. 

A  farther  examination  has  now  shown  that  the  cerous  oxide 
contains  almost  one-half  of  lanthanic  and  didyraic  oxides.  More- 
over, that  the  material  regarded  as  yttria  consists  of  30  per  cent,  of 
an  earth  precipitable  by  baric  carbonate,  and  of  70  per  cent,  not 
precipitable.  I  have  not  penetrated  more  deeply  into  the  nature  of 
these  little  known  bodies.  Mosander  found  in  yttrium  three  ele- 
ments, yttrium,  erbium  and  terbium.  Bahr  and  Bunsen  have  en- 
deavored to  show  that  there  are  only  the  two  first.  Delafontaine 
declares  the  first  opinion  correct,  but  declares  that  the  erbium  of 
Bahr  and  Bunsen  is  identical  with  the  terbium  of  Mosander.  Ac- 
cording to  this  chemist  yttrium  is  not  precipitated  by  baric  car- 
bonate, shows  no  absorption  lines  in  the  spectrum  and  has  the 
smallest  atomic  weight,  58 — 60.  The  oxide  is  white  and  the  basic 
nitrate  also.  On  the  contrary,  erbium  (Mosander,  Delafontaine)  is 
near  79,  gives  a  yellow  oxide,  but  no  spectrum  reaction.  The  ter- 
bium, finally,  the  atomic  weight  of  which  is  highest,  about  112, 
gives  a  red  oxide,  becoming  green  on  ignition  and  a  reddish  basic 
nitrate.  The  substance  regarded  by  Bahr  and  Bunsen  as  erbium 
shows  peculiar  spectral  lines.*  A.  E.  L. 

*  Bar.  der  deutsch.  chem.  Gesell.     Vol.  III.,  No.  16. 
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BELTING  FACTS  AND  FIGURES. 

(CoiitiiuH'il  iVorii  \'(.l.  LX.,  pagc-MHI.) 

The  Slidinj  of  Bells  and  its  i>rcvenlion. — "  The  Prakiische  MascU- 
inen  Conslruclcur  aftbrds  us  an  excellent  paper  upon  the  above 
topic,  the  translation  of  wliich  reads  as  (blhjws: 

"The  most  convenient  and  least  expensive  mode  of  transmitting 
power  consists,  undoubtedly,  in  the  use  of  belts.  Nevertheless,  this 
system,  owing  to  the  sliding  of  the  belts,  is  connected  with  a  great 
loss  of  power  that  is  seldom  observed.  Let  us  suppose  two  cor- 
responding pulleys,  of  the  same  diameter,  in  motion  at  a  moderate 
velocity.  In  case  the  tension  of  the  belt  is  sufficiently  great,  and 
the  pulleys  not  too  small,  it  may  be  difficult  at  first  to  perceive  the 
sliding  of  the  belt ;  but  if  the  rotations  of  both  the  pulley  and  the 
belt  are  counted,  a  dilVerence  in  their  number  will,  in  nearly  all 
cases,  be  discovered,  the  belt  performing  a  less  number  of  rota- 
tions than  the  pulley.  We  thus  become  aware  that  the  belt 
slides  upon  the  smooth  surface  of  the  pulley,  owing  to  the  fact 
that  the  power  sought  to  be  transmitted  by  the  belt  is  greater  than 
the  friction  of  the  leather  upon  the  iron,  and  that  this  power  over- 
comes the  friction,  more  or  less  slowly,  according  to  the  circum- 
cumstances  of  the  case.  In  regard  to  this,  it  is  self-evident  that  the 
velocity  and  diameter  of  the  pulleys  must  be  taken  into  account, 
for  the  friction  is  more  easily  surmounted  at  a  rapid  velocity  than 
at  a  slow  one,  and  j)ulleys  of  large  diameter  offer  to  the  strap  more 
surface,  and  this  increases  the  friction.  The  consequent  sliding  of 
the  straps  takes  place  the  more  easily  the  greater  the  peripherical 
velocity,  and  the  power  to  be  transmitted,  on  the  one  hand,  and  the 
smaller  the  diameter,  and  the  breadth  of  the  driver  or  pulley  on  the 
other. 

"  The  sliding  of  the  belt,  however,  represents  a  loss  of  power 
and  fuel.     Supposing  that  the  two  corresponding  pulleys,  of  equal 
diameter,  the  turning  one  makes  100  rotations  in  a  minute,  and  the 
Vol.  LXI. — Third  Series. — No.  1.— January,  1871.  3 
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turned  one  95,  there  will  be  a  loss  of  nearly  five  per  cent,  of  tlie 
amount  of  force  generated  bj  tlie  motor. 

"  It  will  become  clear  why  the  loss  amounts  to  not  quite  five  per 
cent,  when  it  is  taken  into  consideration  that  in  sliding  there  will 
be  a  surplus  of  the  transmitted  force  over  the  frictional  resistance 
of  the  belt,  which  will  be  exjoended  in  the  removal  of  the  friction. 
This  may  be  most  easily  recognized  when  we  have  a  very  conside- 
rable transmission  of  power,  and  when  a  perceptible  sliding  occurs, 
as,  for  instance,  in  driving  a  hydraulic  press.  If  the  pressure  upon 
the  piston  of  the  pump  is  much  greater  than  the  friction  of  the  belt 
upon  the  drum,  the  former  is  stopped  in  its  motion,  while  the  belt 
runs  around  the  driving  pulley,  the  motor  itself  thereby  attains  an 
accelerated  velocitj^,  from  which  it  follows  that  the  force  required 
to  overcome  the  friction  is  less  than  the  one  necessary  for  the 
working  of  the  hydraulic  press. 

"In order  to  ascertain  this  loss  of  power  for  all  cases,  numerous 
and  extensive  experiments  had  to  be  undertaken.  It  may  be  stated 
here  that  this  loss  may  amount  to  as  much  as  twenty  per  cent.,  ac- 
cording to  the  circumstances.  It  may  appear,  at  first,  that  the  best 
means  of  guarding  against  this  loss  would  be  to  construct  the  pul- 
leys, in  regard  to  diameter  and  width,  so  that  the  resistance  of  fric- 
tion could  not  be  overcome  by  the  power  transmitted.  Neverthe- 
less, upon  a  closer  examination,  it  will  become  evident  that  this 
can,  in  most  instances,  only  be  accomplished  at  great  expense.  The 
outlay  for  leather  belts  is  already  considerable  in  an  establishment 
of  medium  size,  and  would  be  still  greater  if  all  the  belts  were  to 
be  taken  of  such  a  width  as  is  necessary  for  the  prevention  of 
sliding.  Other  means  have,  therefore,  been  proposed  and  applied. 
For  instance,  an  endeavor  was  made  to  increase  the  friction  of  the 
leather  upon  the  iron  by  spreading  pulverized  rosin  or  asphaltum 
upon  the  belt.  In  instances  where  the  latter  ceases  to  draw,  the 
effect  shows  itself  at  once:  but,  nevertheless,  only  for  a  short  time. 
On  account  of  the  pressure,  the  resinous  powder  penetrates  the 
belt,  so  that  its  surface  soon  becomes  as  smooth  as  before,  while 
the  leather  soon  gets  brittle  and  is  gradually  destroyed. 

"The  covering  of  the  pulleys  with  wood  is  less  objectionable, 
but  it  can  find  only  a  limited  application.  Only  a  wide  pulley  can 
be  lined  in  this  manner,  but  as  the  wood  soon  gets  as  smooth  as  the 
iron,  it  is  necessary  to  roughen  its  surface  repeatedly.    This  brings 
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about  :i  cli;iii^c   in   tlio  diunictor  of  iIk,'   pulley,  as   well  as  in   the 
aiiioiiiit  of  lorcu  transmittc'tl. 

"A  tiiird  preventive,  wliieli  seems  to  Imve  loiuul  extended  appli 
eation,  consists  in  giving  to  the  pulley  a  convex  surface,  liut 
wliether  tliis  prevents  the  belt  from  running  olVisyet  to  be  proven. 
The  writer  has  ascertained,  that  in  consequence  of  tlic  convexity  of 
tlie  drums,  the  belts  will  be  .stretched  more  in  the  centre  than  at 
the  edges,  and  that  as  the  frictional  surface  thus  becomes  smaller, 
the  danger  of  sliding  is  increa.sed. 

"The  covering  of  the  jiulleys  with  leather  is  undoubtedly  the 
more  advantageous,  as  thereby  the  frictional  resistance  is  incrca.sed  ; 
the  co-efiicieut  of  friction  of  which,  with  the  leather,  is  consider- 
ably greater  than  that  of  the  leather  upon  iron.  The  latter  amounts 
to  0-25,  the  former  to  1*25,  which  is  just  five  times  more. 

"  The  resistance  of  friction  may,  nevertheless,  be  greatly  increaised 
by  roughening  the  leather  lining  and  keeping  it  thus  by  means  of 
an  alum  or  salt  solution.  The  great  benefit  to  be  derived  from  this 
system  has  been  demonstrated  by  practical  tests. 

"We  give  some  of  the  results  of  the  new  system.  A  spinning- 
machine  was  made  to  produce,  continually,  a  uniform  thread,  while 
by  the  sliding  of  the  belt,  it  produced  a  thread  containing  knots 
and  unequal  spots.  Ventilators  which  made  only  1100  rotations 
per  minute,  in  consequence  of  sliding,  made  1400  after  sliding  was 
prevented.  In  a  steam  mill,  with  five  run  of  mill-stones,  each  set 
ground  27  bushels  per  day  after  the  pulleys  were  covered  with  lea- 
ther, while  before  the  amount  ground  per  day  was  only  from  23  to 
2-4  bushels.  Moreover,  the  troublesome  falling  off  of  belts,  which 
previously  occurred  very  often,  ceased  altogether.  In  a  paper  mill, 
a  rag  engine  did  fifteen  per  cent,  more  work  per  day  after  its  pul- 
leys were  covered  with  leather.  In  sugar  mills,  for  the  beet  crushers, 
the  centrifugal  and  other  apparatus,  this  system  has  been  fully  ap- 
proved, and  it  cannot  be  doubted  that  it  will  be  of  advantage  wher- 
ever introduced.  It  may  be  remembered  that  leather  may  also  be 
used  in  establishments  where  the  power  is  transmitted  by  wire- 
ropes.  It  is,  in  such  cases,  preferable  to  wood,  cork,  asphaltum 
and  gum. 

"  The  reason  why  the  belts  last  longer  is  to  be  attributed  to  the 
fact  that  the  increased  friction  allows  a  lesser  degree  of  tension  of 
the  belts  than  would  be  the  case  if  they  were  to  run  on  a  smooth 
iron  surface.     It  is  well  known  to  every  machinist,  that  for  great 
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transmissions  of  power,  the  belts,  if  running  on  an  iron  surface, 
must  be  stretched,  to  the  utmost  limit.  This  may  be  regarded  as 
one  of  the  causes  of  the  rapid,  destruction  of  the  leather. 

"  The  same  result  is  brought  about  sooner  from  the  circumstance 
that,  on  account  of  the  friction,  fine  particles  of  iron  are  detached, 
which,  by  combiniug  with  the  tannic-acid  and  the  fatty  acids  in  the 
leather,  form  compounds,  which,  by  penetrating  the  leather,  cause 
the  same  to  become  brittle.  By  covering  the  pulleys  with  leather, 
this  evil  is  prevented.  But  the  chief  cause  of  the  rapid  destruction 
of  the  leather  is  to  be  attributed  to  the  sliding  itself,  which,  as  before 
mentioned,  represents  a  useless  loss  of  power.  By  the  friction  of 
the  leather  upon  the  iron,  heat  is  generated,  which  causes  what  is 
called  the   '  burning'  of  the  leather. 

"  Therefore,  by  running  belts  upon  smooth  iron  pulleys,  not  only 
the  power  to  be  transmitted  acts  destructively  upon  the  leather, 
but  other  causes  also,  which  is  not  the  case  when  leather-band 
wheels  are  employed.  The  application  of  leather  to  the  wheel  is 
very  simple  and  easy,  and  may  be  done  by  means  of  glue  by  any 
intelligent  workman." — Technologist^  Nov.,  1870. 

From  LeonanVs  Mechanical  Principia  we  make  the  following  ex- 
tracts : 

"  If  the  power  to  be  transmitted  exceeds  20-horse,  and  circum- 
stances will  not  allow  the  centre  of  the  drums  to  be  over  15  feet 
apart,  the  power  should  be  transmitted  by  gearing." 

A  table  is  given  which  is  based  upon  the  following  data  : — One 
horse-power  is  transmitted  by  belts,  1-8,  1-2,  0*9,  0-72,  0-6,  0-514, 
045,  04,  0"36  inches  wide  if  carried  over  pulleys  2,  8,  4,  5,  6,  7,  8, 
9,  10  feet  diameter  respectivel}^,  at  the  velocity  given  above. 

"  It  is  immaterial  whether  the  smallest  drum  is  the  driving  or 
the  driven  drum  ;  if  the  diameter  of  the  smallest  drum  remains 
constant,  the  width  of  the  belt  will  remain  constant ;  if  the  diameter 
of  the  other  drum  should  be  increased  indefinitely." 

From  Spon''s  Dictionary  of  Engineering^  p.  312,  we  take  the  fol- 
lowing : 

"  Belts  and  drums  form  very  effective  friction-couplings.  If  a 
machine  driven  by  a  belt  becomes  accidentally  overloaded,  the  belt 
slips  upon  the  drum,  and  a  break  down  is  generally  prevented.  By 
the  introduction  of  fast  and  loose  pulleys  the  driven  shaft  can  be 
set  in  motion  or  stopped  with  perfect  safety,  whilst  the  driving 
shaft  is  running  at  full  speed.     The  motion  of  belts  and  drums  is 
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iiiucii  Miioollifi'  tli.'Lii  t,li;it,  ol'  <^[i':\.v\u'/,  .'ui^l  llnjy  <;:ui  l>u  readily  ap- 
pliol  Im  iiKicliiiics  wliicli  ir(iiiirt!  ;i  lii^li  velocity,  where  onlinary 
gearing  would  \n)  ([uito  inadiinssahlc, 

"  The  best  description  of  Icatlier  (or  belts  is  Kiiglish  ox-hide 
tanned  vvitli  oak-bark  by  the  slow  old-fashioned  process,  and  dressed 
in  such  a  way  as  to  retain  firmness  and  tougliness,  without  harsh- 
ness and  rigidity.  Tlie  prime  part  of  the  hide  only,  called  iha  butt, 
should  be  used  ;  tliese  are  cut  out  of  liidcs  in  the  i)relirninary  pre- 
paring [)rocess,  and  tanned  by  themselves,  afterwards  stretched  by 
machinery  and  allowed  to  dry  while  extended.  Strap-butts  of  best 
leather  can  be  permanently  elongated  -i  to  5  inches. 

"  For  light  work,  belts  of  single  substance  are  sufficient,  the  strips 
of  leather  being  joined  together  by  feather-edged  splices,  first  ce- 
mented and  then  sewn.  Single  belting  varies  in  thickness  from 
^\  to  \  inch.  For  heavy  work,  double  and  sometimes  treble  layers 
of  leather  are  required,  cemented  and  sewn  through  their  entire 
length.  The  material  used  for  sewing  is  either  strong,  well- waxed 
hemp,  or  thin  strips  of  hide  prepared  with  alum.  The  latter  is  gene- 
rally used  in  the  North  of  England ;  but  its  advantages  over  good 
waxed  hemp  is  doubtful.  The  thickness  of  double  belting  is  from 
^%  to  ^^g  inch. 

"  An  improvement  in  the  ordinary  double  belt  has  been  intro- 
duced hj  Messrs.  Hepburn  &  Sons,  of  Southwark,  who  have  given 
mucb  attention  to  this  brancb  of  leather  manufacture.  It  consists 
in  the  use  of  a  corrugated  strip  of  prepared  untanned  hide  for  the 
outer  layer  of  the  belt,  and  the  usual  tanned  leather  for  the  inner 
laver,  rivetted  together  by  machinery.  The  rivets  are  made  of 
copper  or  malleable  iron,  and  have  their  ends  spread,  bent  and 
driven  in  flusb  with  the  surfaces  of  the  layers,  ^fetallic  sewing  of 
this  kind  is  also  applied  to  double  belting  made  entirely  of  leather, 
and  has  been  found  to  work  well,  and  is  more  durable  than  ordinary 
hand-sew'ing. 

"  The  drum  should  be  -j^,j-inch  per  foot  of  width,  rounding  except 
in  the  case  of  small  high-speed  pulleys,  which  should  be  |  to  i-inch_ 

"  In  order  that  the  natural  tension  of  the  belts  shall  remain  con- 
stant, and  not  exceed,  though  equalling  the  value  calculated,  it  is 
requisite  to  use  tension  rollers.     The  v.'eight,  w,  of  these  rollers  is 
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found  by  the  approximate  expression,  iw  =*" y~~  '■>  "^'herein  a  is 
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half  the  obtuse  angle  a  d  b,  formed  by  the  belt  upon  which  the 
weight  rests,  and  may  be  assumed  a  priori ;  h  the  angle  between 
the  line  A  b  and  the  horizontal  line  A  c  :  that  is,  the  angle  b  A  c  = 
h  ,  and  T  =  tension  on  tight  side. 


"  In  fixing  the  belt,  care  must  be  taken  to  give  it  such  a  length 
that,  when  at  repose,  it  shall  only  have  a  minimum  flexure." 

(To  be  continued.) 


THE  ALLEN  ENGINE. 

By   CharlesT.    Porter. 
(Concluded  from  Vol.  LX.,  page  387.) 

Lubrication. — Careful  attention  has  been  given  to  this  subject. 
The  valves  and  cylinder  are  fed  by  the  displacement  lubricator 
shown  in  the  plates,  and  which  is  fixed  on  the  steam-chest.  To  fill 
it,  the  plug  at  the  top  is  unscrewed,  the  steam  having  been  shut  oft' 
from  it,  if  the  engine  is  running,  and  the  water  is  drawn  off  with  a 
siphon  tube.  The  lubricator  is  then  filled  to  the  top  of  the  central 
tube  with  melted  suet,  and  the  plug  is  replaced  and  steam  turned 
on.  The  steam  continually  condenses  in  the  space  above  the  liquid 
surface,  and  the  water  formed  sinks  through  the  suet,  causing  the 
latter  to  overflow  and  pass  down  the  tube.  At  the  end  of  ten  or 
twelve  hours  it  will  be  found  to  be,  perhaps,  half  gone,  and 
should  be  filled  as  above.  This  lubricator  admits  of  no  other 
attention,  and,  as  everywhere  in  this  engine,  the  continuous  and  uni- 
form action  insures  excellent  lubrication,  with  the  greatest  economy. 

The  guides  are  oiled  automatically  by  the  arrangement  shown  in 
Plate  I.     The  wicks  can  not  be  pushed  down  far  enough  to  be 
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("UigliL  1)}'  tlm  (•i(».s,s  li'.!;i(l.  Tlii:  oil  is  taUrii  Irotn  lliu  uj>|>or  j^uidcn, 
passes  by  loiii"  |»assji;50s  tlirougli  tlio  boWy  (4"  the  cr ohm- head,  an<l  in 
ilistiihiited  over  its  lower  surfaee.  These  need  no  attet»tion,  cxeept 
to  see  tliat  tin;  wicks  arc;  in  workinjr  order, 

The  eraiik-jjin  is  led  by  a  novel  deviec;,  perfeet  in  its  aetion,  and 
wliicli  completely  removes  the  most  serious  difricuity  that  has  been 
ciieountered  in  rmniing  engines  at  a  proper  speed.  This  arrange- 
ment, and  the  eouise  ol"  the  oil,  are  shown  in  Figure  1,  Plate  1. 
The  lubricator  is  fixed  on  llu^  pilIowd)!oek,  and  the  oil  is  taken 
iVom  it  on  a  plate  ealled  a  radiating-plate,  whieli  is  attached  to  the 
crank,  and  the  erowning  surface  of  which,  touclies  the  end  of  the 
wick  at  each  revolution.  ^JMie  oil  on  this  plate  takes  the  radial 
motion,  and  is  led  directly  to  the  surface  of  the  crank-pin. 

The  engineer  can,  while  the  engine  is  running,  observe  the  action 
of  this  lubricator,  refill  it,  adjust  the  wick,  or  supply  additional  oil 
to  the  pin  by  dropping  it  on  the  tube.  If  the  passage  becomes  ob- 
structed from  using  bad  oil,  a  little  weak  lye  will  clear  it,  changing 
gum  into  soap. 

The  eccentric  is  oiled  in  a  similar  manner.  The  cross-head  pin 
is  fed  b}'-  a  wick  from  a  cup  set  over  the  guides.  A  bridge  in  the 
enlarged  end  of  a  tube  is  so  placed  on  the  connecting-rod  that  it 
rises  to  touch  the  wick  at  the  beginning  of  each  forward  stroke. 

This  system  of  lubrication  enables  these  engines  to  be  run  con- 
tinuously for  any  length  of  time,  and  with  only  the  attention  neces- 
sary to  refill  the  lubricators  and  oil  the  valve  gear  ;  while  the  action 
of  the  lubricators  is  not  liable  to  deransremeut  from  the  motion  of 
the  engine,  however  rapid  this  may  be. 

Economic  value  of  a  higher  piston- speed. — The  chief  claim  of  this 
engine  to  the  position  of  excellence  rests  upon  its  superior  economy 
of  steam.  While  exhibiting,  perfectly,  everv  economic  feature 
which  is  found  in  the  best  slow-running  engines,  it  possesses  an  ad- 
ditional important  element  of  economy  in  its  speed.  The  advan- 
tage, in  this  respect,  which  higher  speed  confers  is  easily  explained. 

The  loss  in  the  steam  engine,  which  expansive  working  cannot 
diminish,  but,  on  the  contrary,  tends  to  increase,  is  that  which  arises 
from  condensation  of  the  steam  while  being  used.  Steam  is  only 
the  medium  for  the  conversion  of  heat  into  mechanical  work :  but, 
before  this  conversion  can  be  effected,  a  large  proportion  of  its  heat 
is  liable  to  be  lost.  This  loss  is  not,  except  in  a  trifling  degree, 
from  external  radiation  ;  it  is  internal,  and  arises  from  the  enor- 
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mous  facility  with  wLicli  water,  and  especially  the  vapor  of  water 
abstracts  heat  from,  or  imparts  it  to,  bodies  in  contact  with  it,  which 
are  warmer  or  colder  than  itself. 

Steam,  on  account  of  the  perfect  mobility  of  its  particles,  and  the 
velocity  with  which  these  impinge  against  the  surfaces  exposed  to 
them  in  an  engine,  keeps  the  temperature  of  these  surfaces  very 
nearly  identical  with  its  own,  however  suddenl}?-  or  extremely  this 
may  be  varied. 

The  action,  during  one  revolution  of  an  engine,  is  this:  At  the 
commencement  of  the  stroke,  and  up  to  the  point  of  cut-off,  more 
or  less  water  is  present  in  the  cylinder.  Let  it  be  supposed  that, 
at  the  point  of  cut-off,  the  temperature  of  the  steam,  of  the  water 
present,  and  of  the  surfaces  of  the  cylinder,  piston,  and  cover  is 
820°,  which  is  the  temperature  of  steam,  and  the  boiling  point  of 
water,  under  a  pressure  of  75  pounds  on  the  square  inch,  above  the 
atmosphere  ;  and  that  the  cut-off  takes  place  at  such  a  point  in  the 
stroke  that  the  pressure  will,  by  expansion,  fall  from  the  above 
pressure  to  that  of  the  atmosphere,  at  the  end  of  the  stroke.  Sim- 
ultaneously, the  temperature  and  the  boiling  point  .fall  108  degrees, 
or  to  212°,  and  will  remain  at  this  point  through  the  return  stroke. 

During  the  expansion  and  the  return  stroke  all  the  water  present 
is  evaporated,  and  passes  with  the  exhaust  into  the  atmosphere,  as 
steam,  provided  the  large  amount  of  heat  necessary  to  effect  this 
change  of  state  can  be  abstracted  from  the  metal.  Then,  at  the 
commencement  of  the  next  stroke,  an  equal  portion  of  the  entering 
steam  is  condensed  to  restore  this  heat,  which  the  very  water  formed 
by  such  condensation  will,  when  relieved  from  pressure,  immedi- 
ately rob  from  the  metal  again,  by  reevaporation,  and  carry  into 
the  atmosphere;  and  so  at  every  stroke  the  ceaseless  waste  goes  on. 

The  water  which,  to  impart  heat  to  the  cylinder,  piston  and  cover, 
was  condensed  from,  the  entering  steam,  as  a  dew  upon  their  sur- 
faces, in  reevaporating  during  the  expansion  and  the  return  stroke, 
instantly  cools  these  surfaces  nearly  to  its  own  reduced  tempera- 
ture. But  the  mere  surfaces  can  supply  no  appreciable  amount  of 
heat.  It  must  be  brought  from  the  interior  of  the  metal  by  con- 
duction, and  this  requires  time.  Therefore  such  evaporation  is  a 
gradual  operation,  and  not  an  explosion,  and  the  condensation  of 
the  entering  steam  is  partial,  and  not  total. 

Time  is  the  necessary  condition  without  which  this  wasteful  action 
cannot  take  place,  and  the   extent  to  which  it  proceeds,  is,  other 
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lliiii;j,.s  l)ciiii4  <'<|ii''il,  'rM<'<'lly  as  tli(-i  linn;  allowrl.  Mr,  l.slicrwooil 
was  able,  by  luiiniii^';  lli(3  cn^^iiios  oC  tlio  Htcrunor  Micliigan  \ery 
slowly,  to  iiioic  than  iiciitrali/.c,  in  this  rnaiinor,  tlic  gain  from  a 
hij;h  gracK;  oC  expansion,  and  to  show  iiistoa<l,  a  Mcrioiis  lo.s.s, 

I  r  tlic  ])iston  of  an  airj^nn  is  slowly  pressed  down,  ordy  a  Hlight 
increase  of  Icinpciatiiic!  is  sliown  in  the  eharnbor  ;  but  if  this  is  done 
smartly,  heat  isdcvelopcd  which  will  ignite  tinder,  Xow, the  same 
work  is  converted  into  heat  in  each  ca,se,  oidy  in  tlie  last  one  very 
little  time  is  ailowc^d  I'oi-  the  metal  of  tlic  ehandjer  to  conduct  it 
away.  So  in  this  engine  the  sudden  com{)re.ssion  at  tlic  end  of  the 
stroke  develops  heat ;  the  rapid  action  allows  but  little  time  for  this 
heat  to  be  dilVuscd  through  the  metal,  and  it  is  mostly  or  wholly 
available  to  prevent  the  condensation  of  the  entering  .steam.  The 
more  the  subject  is  examined,  the  more  obvious  it  will  ajipear  that, 
as  onl}'  time  is  necessary  for  all  the  heat  contained  in  the  steam  to 
be  lost;  so,  on  the  otlier  hand,  rapid  speed  of  piston  is  an  important 
means  of  its  cconomv. 


SURVEY  OF  THE  NICARAGUA  ROUTE  FOR  A  SHIP  CANAL 

By  Col   O.  AV.  Childs,  C.  E. 
(Con  tinuod  from  Vol.  LX.,  page  30-j.) 

The  average  annual  fiill  of  rain  and  snow,  in  the  State  of  New 
York,  during  the  period  of  ten  years  preceding  that  of  18-46,  as  ap- 
pears from  the  annual  Report  of  the  Regents  of  the  University  for 
that  3'ear,  is  3-i-l-i  inches,  and  the  greatest  fall  in  any  year,  during 
the  same  period,  was  37'0-i  inches,  and  the  least  32'10  inches. 

Although  the  aggregate  fall  of  rain  in  the  mouth  of  ^lay,  1850, 
as  appears  from  the  above  statement,  was  9"14  inches,  there  was 
no  sensible  rise  in  the  river  or  lake  until  the  5th  of  June.  The 
quantity  of  water  that  passed  from  the  lake  when  at  its  greatest 
depression  on  the  ith  of  June  last,  as  ascertained  from  a  careful 
guage  of  the  river  at  its  minimum  flow,  was  11,930  cubic  feet  per 
second.  The  flow  in  the  San  Juan,  immediatel}' above  the  junction 
of  the  San  Carlos  river,  as  guaged  on  the  15th  of  July,  was  19,300. 
in  the  San  Carlos  at  the  same  time  16,547,  making  the  whole  quan- 
tity flowing  in  the  San  Juan,  below  the  San  Carlos,  35,7-47  cubic 
feet  per  second.  On  the  8th  of  August,  the  quantity  passing  in  the 
San  Juan,  above  the  Serapiqui,  was  39,526,  and  in  the  Serapiqui 
13,266,  giving  to  the  San  Juan,  below  the  Serapiqui,  52,792  cubic 
feet  per  second.  The  flow  in  the  San  Juan,  immediately  above  the 
Colorado,  as  guaged  on  the  20th  of  August,  was  54,380  cubic  feet 
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per  second,  of  which  42,056  passed  through  the  Colorado  branch  to 
the  ocean,  and  12,324:  through  the  San  Juan.  Subsequently  to  the 
5th  of  June,  the  river  was  more  affected  by  rains,  and  on  the  19th 
September,  at  the  taking  of  the  last  observations  previous  to  leav- 
ing the  country,  the  lake  was  found  2-55  feet  above  its  lowest  stage, 
or  the  level  it  occupied  the  preceding  Maj^ ;  it  probably  continued 
to  rise  until  the  following  November,  the  usual  termination  of  the 
wet  season.  Owing  to  the  subsequent  rise  in  the  river,  the  above 
quantities  were  correspondingly  increased  to  those  given  in  a  pre- 
cedino-  table. 

The  lake  fell  from  its  greatest  elevation  on  the  23d  Decem.ber, 
1850,  to  its  lowest,  on  the  27th  of  April,  a  period  of  125  days,  3-43 
i'eet,  and  continued  about  at  this  latter  stage  to  the  5th  of  June. 

The  quantity  discharged  from  the  lake,  when  elevated  343  feet 
above  its  lowest  stage,  as  estimated  from  the  guages,  is  18,059  cubic 
feet  per  second,  and  allowing  the  discharge  gradually  to  diminish 
to  11'930  at  the  end  of  the  above  125  days,  would  give  a  mean  flow 
for  this  period  of  14,995  cubic  feet  per  second,  or  899,700  cubic  feet 
per  minute,  from  which  deduct  the  amount  before  shown  to  be  re- 
quired for  the  canal,  105,130.  and  it  gives  794,570  cubic  feet  per 
minute,  or  for  the  whole  period  of  125  days,  1*43,022,600,000  cubic 
feet  as  the  quantity  that  passed  from  the  lake,  in  excess  of  that  re- 
quired, during  the  same  time  for  the  canal.  If  the  average  of  the 
area  of  the  lake  be  taken  at  110  miles  in  length  by  25  in  breadth, 
which  probably  would  not  vary  essentially  from  the  truth,  this 
quantity  in  passing  from  the  lake  reduced  its  surftice  1'87  feet, 
which,  deducted,  from  3'43  feet,  the  whole  fall,  leaves  1-56  feet  as 
the  amount  of  its  reduction  by  evaporation,  in  which  is  also  included 
the  whole  supply  of  drainage  from  the  surrounding  country  during 
the  same  period  ;  thus  showing,  that  it  will  be  necessary  to  com- 
mence at  the  close  of  the  wet  season,  with  an  excess  of  surface  ele- 
vation of  the  lake,  of  1*56  feet  above  that  which  it  must  necessarily 
have  at  the  close  of  the  dry  season,  an  amount  that  may  very  rea- 
dily be  held  in  reserve,  and  the  flow  regulated  by  means  of  gates  on 
the  crest  and  in  the  body  of  the  dam. 

It  is  not  known  that  this  would  to  any  very  great  extent  prove 
injurious  at  any  locality  :  between  the  Castillo  and  Toro  Rapids, 
some  lands  would  be  flowed  that  would  otherwise  be  susceptible  of 
cultivation;  the  immediate  valley  being  narrow,  the  amount  that 
would  be  thus  occupied  by  water  is  quite  small. 

Between  the  Toro  Eapids  and  the  lake,  the  low  flats  lying  be- 
tween the  river  and  upland,  occupy  a  large  portion  of  the  distance, 
and  alternately  varying  from  a  few  rods  on  one,  to  say  half  a  mile 
on  the  opposite  side  in  average  width,  and  having  an  elevation  va- 
rying from  H-  to  2|-  feet  above  the  surface  of  low  river,  they  are 
entirely  submerged,  during  most  of  the  wet  season,  and  are  princi- 
pally covered  with  an  aquatic  plant,  of  a  light  spongy  texture, 
known  as  the  Coroza,  a  species  of  wild  palm,  growing  some  30  or 
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10  It'i;!,  ill  li('i;.',lil.  'riu.'sc  Witl,  laiuls  li:iv<J  liow  no  v.'iliic,  aii<l  wore 
tlicv  |i('riii.iiii'iitlv  I  lowed  to  tlio  (Icptli  contcrnplutfjfl,  the  fVicilitien 
lor  (•oiiiimiiiiciition  hctwcion  tlit;  I'ivor  and  upland  by  hoat.s  in  tljo 
channels  ol'  \\n\  latcM'al  streams,  would  ix;  improved,  an<l  tin;  atrrio- 
spliei'o  rendered  more  liealtliy.  'I'lie  hanUs  Ixjrderiii^  the  .sides  of 
the  lake,  so  lar  as  observed,  are  snllieiently  high,  and  whatever  rnay 
1)0  their  clevaiion  at  other  places,  it  in  not  perceived  that  injury 
eould  result  from  eontinuing  the  surface  of  the  lake  at  the  elevation 
it  now  oecupii's  so  large  a  portion  of  the  year.  It  is  certain  thai 
no  iinprovenuMits  would  he  disturbe*!,  and  the  means  f>f'  access  at 
iMiiiuTous  points  on  the  lake  lor  pur|)oses  of  commerce,  would  pro- 
l):il)l\-  not,  be  iiiipairctl. 

No  land  worthy  of  note  would  be  flowed  by  dams  from  Nos.  2 
to  7  inclusive  ;  tln.^  country  along  the  river  is  hilly  and  tlie  banks 
are  generally  elevated  above  that  of  the  level,  to  which  it  is  pro- 
posed to  raise  the  water  by  these  dams. 

In  the  preceding  table  before  given,  of  inclination  of  surface,  «Scc., 
the  inclination  of  that  portion  of  the  river  above  the  Toro  liapids 
is  stated  at  0-12  of  a  foot  per  mile  ;  this  multiplied  into  the  length 
in  miles  of  that  portion  of  the  river,  gives  3"26  feet  as  the  inclina- 
tion of  its  surface  in  time  of  maximum  flow,  an  amount  that  would 
be  too  great  to  admit  of  a  convenient  control  of  the  flow  from  the 
lake,  by  means  of  the  Castillo  dam.  It  should  be  stated,  that  in  the 
calculation  of  all  the  inclinations  and  velocities  given  in  the  table, 
no  allowance  is  made  for  enlargement  of  volume  by  a  flow  beyond 
the  immediate  channel  of  the  river.  In  the  case  under  considera- 
tion, this  enlargement  will  be  quite  sufficient  to  bringthe  inclination 
within  such  limits  as  will  render  the  flow  from  the  lake  perfectly 
controllable  by  the  method  before  stated,  aud  usually  adopted  in 
such  cases. 

Capacity  of  the  Canal. — From  information  obtained  from  the 
most  popular  builders  and  others  skilled  in  the  science  of  the  model 
aud  tonnage  of  steamers  and  other  vessels,  the  opinion  is  ascer- 
tained, that  steamers  of  from  1,800  to  2,400  tons,  and  merchant  sailing 
vessels  of  a  somewhat  greater  burthen,  may  be  so  constructed  as  to 
be  well  adapted  to  the  passage  of  the  locks,  for  movement  in  the  pro- 
jected canal  and  for  sea  service.  The  former  in  navigating  the  canal 
would  be  propelled  by  their  own  power,  and  the  latter  would  neces- 
sarily be  tracked  by  steamers,  especially  constructed  for  that  pur- 
pose, excepting  that  portion  west  of  the  lake,  and  on  that  inland, 
between  Dam  No.  7  and  the  harbor  of  San  Juan  del  jSTorte,  where, 
owing  to  the  additional  delays  that  would  be  caused  by  a  propelling 
steamer  in  passing  the  locks,  animal  power  might  probably  be  used 
with  more  advantage.  The  canal  would  also  probably  be  navigated 
by  brigs,  and  other  coasting  vessels  of  a  smaller  class,  which,  if  ad- 
mitted, would  of  course  reduce  the  movement  of  the  maximum  ton- 
nage, of  which  the  canal  would  otherwise  be  capable. 

The  average  time  required  for  steamers  aud  other  vessels  to  pass 
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a  lock  is  estimated  at  2-i  minutes,  or  60  per  day — the  steamers  re- 
quiring sometljing  less,  and  the  larger  class  of  sail  vessels  a  little 
more  than  that  above  stated. 

The  average  rates  of  speed  with  which  the  steamers  may  safely 
move  in  the  inland  portions,  without  injury  to  the  vessel  or  the 
banks  of  the  canal,  is  estimated  at  two  and  a  half  miles  per  hour,  on 
the  river  portions  seven  miles  per  hour,  and  on  the  lake  the  same 
speed  may  be  attained  as  on  the  ocean,  say  eleven  miles  per  hour. 
Sailing  vessels  propelled  by  horse  power  might  move  on  the  canal 
at  the  rate  of  two  miles  per  hour,  and  by  steam-tugs  in  the  river 
and  lake  with  an  average  speed,  of  say  four  miles  per  hour. 

The  time,  then,  occupied  in  making  a  passage  from  ocean  to  ocean,  in  hours, 
would  be  for  the  steamers 

47'09  miles  of  canal  navigation,  at  the  rate  of  21  miles  per  hour 18-88 

90-80  miles  of  river  navigation,  at  the  rate  of  7  miles  per  hour, , 12-97 

56.50  miles  of  lake  navigation,  at  the  rate  of  11  miles  per  hour, 514 

Passage  of  28  locks,  at  the  rate  of  J.Q  minutes  per  lock, 9-33 

Total, 46-27 

say  two  days. 

Time  occupied  hy  Sail  Vessels. 

47*09  miles  of  canal  navigation,  at  the  rate  of  2  miles  per  hour 23-54 

147-30  miles  of  river  and  lake  navigation,  at  the  rate  of  4  miles  per  hour,.,.  36  82 

Passage  of  28  locks,  at  the  rate  of  30  minutes  each, 14-00 

Passage  of  8  locks  hy  steam-tugs,  at  the  rate  of  20  minutes  each, 2-67 

Total  number  of  hours 77-03 

or,  say  3]  days. 

The  establishment  of  lights  at  several  points  on  the  river,  and  at 
the  cuts  on  either  side  of  the  lake,  in  addition  to  those  required  at 
the  locks,  Avill  be  indispensable  to  a  practicable  navigation  in  time 
of  night. 

The  improvement  of  rivers  above  tide  water,  for  purposes  of 
navigation  in  connection  with  that  of  inland  canals  of  ordinarj'- 
dimensions,  is,  except  under  peculiar  circumstances,  regarded  with 
disfavor.  The  objections  to  adopting  the  channel  of  a  river  as  part 
of  a  canal,  arise  mainly  from  the  presence  of  a  too  great  current  in 
time  of  flood,  and  the  difficulty  and  expense  attending  the  repairs 
of  the  mechanical  structures  connecting  the  inland  with  the  river 
portions  of  the  navigation.  On  the  San  Juan  river  the  former  will, 
to  a  great  extent,  be  remedied  by  the  large  increase  of  volume  pro- 
duced by  the  dams  on  the  river  below. 

In  cases  of  substituting  rivers  for  inland  canals  of  large  dimen 
sions,  where  high  dams  are  practicable,  the  double  advantage  of 
saving  the  expense  of  constructing  a  large  prism,  and  of  avoiding 
excessive  currents,  \&  .attained,  and  the  navigation  of  the  river  por- 
tions with  steamers,  and  with  sail  vessels  tracked  by  steam-tugs, 
would  be  miOre  practicable  ;  these  advantages  will,  to  a  very  great 
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degree,  Wo  rc;ili/(!(l  Wy  t,lu;  ;i(l(»ptii;ii  (W'tliis  riv<-r  upon  llie  plan  pro- 
jected; ultlioiigli  llio  Hubstilution  ol"  an  inland  canal  might  by  sornc 
be  considered  praclieable,  tlie  exjjcnse,  owing  to  eaiisf.'s  already 
stated,  would  bo  very  great. 

It  is  to  be  a(bnitt(!d,  that  high  dams  are  more  liable  to  failure 
than  low  ones;  thcj  lailui-e,  however,  in  the  cases  under  considera- 
tion, being  so  much  reduced  by  the  elevation  of  the  river  below 
them,  by  succeeding  dams  in  all  of  tlie  cases  of  eartli  foundation, 
excepting  No.  7,  very  much  tends  to  their  security.  With  the 
proper  precautions  in  constructing  the  latter,  and  oniinary  care  in 
the  others  on  the  plan  projjosed,  it  is  believed  that  these  darns  can 
scarcely  be  regarded  as  liable  to  the  contingency  of  serious  failure. 

Upon  that  canal,  the  effects  of  frost,  an  agent  the  most  destructive 
of  masonry  and  other  parts  of  the  canals  in  this  country,  and  to 
which  a  large  proportion  of  the  sudden  breaches  that  occur  may  be 
attributed,  will  not  be  experienced  ;  and  so  far  as  known,  all  of  the 
conditions  connected  with  permanency  and  uninterruptad  navigation 
will  be  much  more  favorable  than  would  attend  a  canal  of  the  same 
dimensions  and  character  of  workmanship,  located  in  this  country. 

The  instructions  of  your  board  require  the  survey  and  estimates 
to  be  for  a  canal  of  sufficient  depth  for  vessels  of  the  largest  class. 

(To  be  cuntinued.) 


IRON  MANUFACTURES  IN  GREAT  BRITAIN.* 

FIRST  PAPER. 

By  R.  H.  Thurstox,  Eng.  U.  S.  N.,  Assist.  Prof.  Nat.  Phil.  U.  S.  N.  A. 
Member  of  the  Institute. 

Irox  shipbuildixg,  though  an  art  of  but  little  more  than  a  quarter 
of  a  century's  growth,  has  become  one  of  the  most  important  branches 
of  British  industry,  and  an  essential  element  of  British  commercial 
supremacy. 

The  advantages  of  iron  over  wood  as  a  material  for  ship  con- 
struction are  so  marked  and  have  now  become  so  well  understood, 
that  it  cannot  be  long  before  wooden  hulls  will  have  become  entirely 
superseded  wherever  iron  can  be  cheaply  obtained. 

Some  of  these  advantages  are,  greater  strength  and  durability 
than  can  be  obtained  in  wood ;  less  weight  of  hull  by,  probably,  15  to 
25  per  cent.,  as  the  iron  is  of  less  or  greater  strength ;  greater  faci- 
lities for  thorough  repairs  and  periodical  inspection  of  every  part ; 
greater  safety  from  the  admission  of  transverse  bulkheads,  and,  in 

*  A  professional  tour  occupying  a  few  weeks  of  the  past  summer  has  furnished 
a  mass  of  memoranda,  from  which  the  material  of  the  following  article  has  been 
gleaned. 
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large  vessels,  the  cellular  structure  of  bottom;  less  liability  to 
general  breaking  up  when  wrecked,  and  less  danger  from  fire. 
The  fine  lines  that  can  be  obtained  in  iron,  without  impairing  the 
strength  of  the  structure,  specially  adapt  iron  vessels  for  screw 
propulsion  ;  the  ease  with  which  an  iron  war-vessel  may  be  laid  up, 
and  her  freedom  from  deterioration  for  an  indefinite  period,  are 
most  important  advantages  where  the  larger  proportion  of  the  ves- 
sels of  a  navy  are  never  employed,  except  in  time  of  war. 

All  European  nations  have  learned  to  recognize  these  advan- 
tages ;  and,  in  the  United  States,  iron  shipbuilding  is  gradually 
assuming  its  rightful  position,  notwithstanding  the  cheapness  of 
timber. 

The  disadvantages  of  rapid  fouling  in  warm  climates,  and  of  the 
deviation  of  the  compass  from  local  attraction,  although  less  for- 
midable than  at  an  earlier  date,  are  still  serious  evils.  Some  one 
of  the  numerous  paints  and  other  expedients  that  are  almost  daily 
proposed,  will  probably  be  found  to  prevent  fouling  of  the  bottom; 
and  the  laws  governing  the  magnetism  of  ships  are  becoming  so 
well  known  that  this  evil  is  rapidly  becoming  insignificant. 

It  can  hardly  be  doubted  that,  in  the  United  States,  the  screw 
colliers  recently  built  of  iron  on  the  Delaware,  are  the  pioneers 
of  a  large  fleet  of  iron  coasting  vessels,  and  that  iron  steamboats 
are,  sooner  or  later,  to  exhibit  their  special  advantages  on  our 
western  rivers,  as  the  only  vessels  in  which  a  strong  hull  can  be 
obtained  with  light  draught  of  water.  It  is  to  be  hoped  that  the 
value  of  iron  will  be  soon  as  well  recognized  in  the  United  States 
as  it  is  already  in  Great  Britain. 

A  very  considerable  part  of  the  iron  shipbuilding  of  Great  Bri- 
tain was  formerly  carried  on  in  the  neighborhood  of  London,  and 
near  Liverpool,  but,  after  sharp  competition,  the  builders  in  the 
North  of  England,  and  in  Scotland,  have  almost  entirely  absorbed 
the  business. 

On  the  Thames,  scarcely  any  of  this  work  is  now  done ;  but  a 
very  good  business  is  still  done  on  the  banks  of  the  Mersey,  seve- 
ral firms  being  established  there. 

At  Lairds'  establishment,  Birkenhead,  nearly  all  of  the  five  stone 
docks  and  four  slips  were  occupied,  at  the  time  of  our  visit,  either 
by  new  vessels,  or  by  steamers  taken  in  for  repairs ;  they  wxre  not, 
however,  employing  their  full  complement  of  2,500  men.  There 
may  be  seen  here  an  unusually  fine  collection  of  models,  represent- 
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iii^'  vessels  eoiisliuclctl  here:  nuunv^  IIkmii  Home  of  the  finest  ships 
ill  theBrilisli  iKivyaml  iiiereantile  in;iiiii(!,  :ui(l  ii  (;oMsi<lerablc  nuru- 
bcr  of  vessels  builL  1,0  lorei^ii  order.*  Amoiif^  the  hitter  was  pointed 
out  the  ;.M'a<H'l'iil  iiiudel  of  that  e(JStii(^st  (jI"  all  ships,  the  "  AlabaJiia," 

Biiihlcrs  oil   thf  Mersey  enjoy  the  advantage  of  o])taining  their 
coal  ami   iron   IVoin  the  neighboring  eollieries  and  mines  of  l^anoa 
shire,   and   are,    therefore,   (|uitc   well   jirepared   to   eompcte   with 
builders  in  other  parts  of  the  Kingdom:  labor  is  rather  expensive. 

On  the  Tyne,  the  largest  establishment  is  that  of  the  "Palmer 
Slii[)buiKling  Company,"  at  Jarrow,  a  few  miles  below  Newcastle. 
Here  may  bo  seen  the  reduction  of  the  ore  in  their  four  great  blast 
furnaces,  the  puddling  and  rolling  of  the  iron,  and  all  otlier  pro- 
cesses up  to  tlie  completion  of  the  iron  ship  and  all  of  its  machinery 
and  fittings;  the  whole  establishment  employs  about  6,000  work- 
men. W^e  found  here  nearly  a  dozen  steamers,  in  all  stages  of 
l)rogress.  Several  were  screw  colliers,  plainly  finished,  and  of  low 
steam  power,  but  well  put  together  and  capable  of  doing  good  ser- 
vice; another  was  a  line  large  steamer  for  the  Guion  transatlantic 
line,  a  vessel  of  beautiful  lines,  great  strength  and  high  power;  still 
another  was  the  British  iron-clad  "  Triumph,"  since  launched. 
This  vessel,  like  a  sister  ship,  the  "  Swiftsure,"  which  was  some 
time  since  completed  by  the  same  firm,  is  3,892  tons  register,  280 
feet  between  perpendiculars,  55  feet  beam,  36|  feet  from  spar-deck 
to  keel ;  6  inches  of  armor  is  carried  over  a  10-inch  teak  backing 
and  1^  inch  inner  skin;  the  battery  is  in  a  central  casemate;  the 
bow  is  shaped  and  strenghtened  to  be  used  as  a  ram.  The  machi- 
nery is  built  by  Messrs.  Mandsley  k  Field,  of  London ;  the  steam 
cylinders  are  80  inces  in  diameter,  with  4  feet  stroke  of  piston,  and 
steam  jacketed ;  these  engines  are  of  the  common  style  direct- 
acting,  fitted  with  surface  condensers,  and  the  steam  is  furnished  by 
boilers  with  horizontal  fire-tubes.  These  ships  have  lifting  screws, 
and  carry  a  large  spread  of  canvas.  A  peculiarity  in  the  con- 
struction of  the  "  Triumph  "  is  the  wooden  planking  covering  the 
iron  skin  plating  below  the  Avater-line,  which  is  intended  to  be  cop- 
pered over  like  any  wooden  ship. 

On  the  Wear  and  the  Tees,  and  other  northern  English  rivers, 
shipbuilding  is  carried  on  extensively;  but  by  far  the  busiest  spot 
in  Great  Britain  is  found  on  the  banks  of  the  Clyde,  near  Glasgow. 
Messrs.  E.  Xapier  &  Sons,  J.  &  G.  Thompson,  John  Elder  &  Co., 

*  H.  M.  S.  Captain  was  built  by  Messrs.  Laird  ;   vide  Jour,  of  the  Frank.  Inst., 
No.  5,  Vol.  LX. 
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Tod  &  McGregor,  and  other  well-known  firms,  are  established  here, 
and  almost  line  the  banks  of  the  river  from  Glasgow  to  Govan. 

Daring  the  first  ten  months  of  the  last  year,  156  iron  ves- 
sels have  been  launched  here,  with  a  total  of  14-4,200  tons  burden ; 
during  the  corresponding  months  of  1869,  the  number  of  vessels 
was  180,  and  of  tonnage  160,000. 

These  vessels  are  almost  exclusively  steamers,  and  vary  in  size 
from  1,500  up  to  3,000  tons  register. 

The  cost  of  the  cheaper  class  of  vessels,  capable  of  making  eight 
or  nine  knots  under  steam,  is  about  £16  per  ton ;  of  moderately 
high  powers,  steamers  for  passenger  lines,  £22  to  £25 ;  and  of  first- 
class  passenger  steamers  of  high  speed,  fine  finish  and  extra  fittings, 
£30  per  ton,  and  even  higher. 

The  systems  of  work  in  this  and  other  shipbuilding  districts  of 
Great  Britain  differ  slightly  in  matters  of  detail,  but  in  all  dimensions 
builders  are,  everywhere,  generally  governed  by  rules  approved  by 
either  Lloyd's  or  the  Liverpool  Committee.*  Occasionally,  how- 
ever, purchasers  who  are  able  to  act  as  their  own  underwriters, 
prepare  their  own  specifications,  and,  as  a  rule,  obtain  even  stronger 
hulls  than  the  rules  produce. 

The  iron  put  into  English  and  Scotch  ships  is  not  usually  of  the 
best  quality  of  even  British  iron,  and  British  ships  are  not,  there- 
fore, as  strong  as  they  should  be  with  halls  of  such  weight;  but  the 
workmanship  is  generally  good,  and  the  disposition  of  butts,  and 
the  method  of  fastening,  are  such  as  make  the  best  possible  use  of 
the  material  in  respect  to  strength  of  structure. 

The  iron  used  in  Glasgow  ship-yards  is  Scotch  iron,  made  in  the 
neighborhood,  and  is  obtained  at  prices  that  are  low  in  comparison 
with  those  paid  in  the  South  of  England.  The  cost  of  labor  is  also 
very  greatly  in  favor  of  Scotch  builders,  the  difference  between 
wages  here  and  on  the  Thames  being  stated  by  some  builders  as 
from  30  to  35  per  cent.  The  contrast  between  the  activity  seen  on 
the  Clyde  and  the  qaietness  on  the  Thames  is,  therefore,  readily 
accounted  for,  and  it  can  hardly  be  expected  that  southern  compe- 
tition can  again  be  successful,  now  that  the  one  necessity  that  was 
formerly  lacking  in  the  North,  skilled  labor,  is  readily  obtained. 

The  most  extensive  establishment  on  the  Clyde  is,  now,  that  of 
Messrs.  John  Elder  &  Co.,  the  "  Fairfield  Works."     Here  we  found 

*  For  particulars,  consult  "Shipbuilding  in  Iron  and  Steel."  By  E.  J.  Eeed, 
C.  B.,  Chief  Constructor  of  the  Navy;  London,  John  Murray  1869,  an  admirable 
work. 
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iiiiir  stoaniorn  on  Llic  l)I()i:l<-i,  ;iii<l  scvt;r;il  others  wcro  eiiljcr  alloat 
ami  proceeding  rapidly  to  c(Miij)Ictioii,  or  were  ready  to  be  laid 
down  as  soon  as  room  could  be  made  for  tlnMii.  Work  is  done  here 
rapidly  and  well,  and  the  crowded  state  orth<;ir  yard  indicates  tliat 
they  are  iully  sustaining  a  long-established  and  well-earned  rcpu 
tation. 

Tho  "  Italy,"  of  the  National  liinc,  was  recently  sot  alloat  by  liiis 
til  III.  An  ins[)ection  of  the  steam  log  of  one  of  her  earlit;st  voyages 
between  Liverpool  and  New  York,  sl)ows  her  to  have  made  tlie 
nin  with  perliaps  the  licaviest  cargo  ever  carried  across,  in  twelve 
days,  on  less  than  fifty  tons  of  coal  per  day;  the  mean  indicated 
horse-power  for  the  trip  was  about  2,000.  This  was,  certainly,  a 
verv  excellent  performance  for  a  sliip  registering  3,700  tons,  and 
proves  the  vessel  to  have  a  fine  form  as  well  as  excellent 
machinery. 

Messrs.  J.  &  G.  Thompson  were  building  two  steamers  of  large 
carrying  capacity,  and  of  moderate  power,  for  grain  transportation  ; 
they  have  a  square,  full  midship  section,  but  neatly  drawn  lines  fore 
and  aft,  and  are  expected  to  steam  nine  knots  per  hour.  Two 
steamers  for, a  mixed  traffic,  carrying  both  passengers  and  freight, 
,tWere  also  well  along,  ^nd  others  were  afloat  and  nearly  ready  for 
/their  owners.  Messrs.  Thompson  built  the  "Kussia''  and  other 
later  steamers  for  the  Ounard  Line,  and  the- fact  is  a  strong  tedti-, 
monial  in  their  favor.  About  2,000  men  are  employed  in  the 
engine-shops  and  shipbuildiiig.  yards  of  thisJ&fm. 

Messrs.  R.  Napier  &  Sons,* and  the  other? firms  of  the  neighbor- 
hood, were  moderately  wfell-iufpplied  with  work,  and  all  appeared  to 
anticipate  a  still  further  incitease  of  busir^es^.  The  Napiers  have  long 
been  well-known  as  one  of  the  few  firms  to  whom  the  Entylish  srov- 
■era-meet- btts-^eeB-a«cttstom-ed-tt)  entrust  pfttl ic -work.  They  tiave 
recently  completed  the  "  Hotspur,"  a  peculiarly  designed  iron-clad, 
for  the  British  navy.  This  ship  is  intended  to  be  formidable  as 
a  ram,  and  has  powerful  engines,  twin  screws,  and  carries  very  little 
canvas;  the  side  armor  is  from  8  to  11  inches  in  thickness,  and  is 
carried  forward  to  the  stem  in  such  a  manner  as  to  greatly  strengthen 
the  bow ;  the  single  heavy  gun  is  carried  in  a  pear-shaped  casemate  ; 
the  ship  is  of  2,637  tons  register.  Among  merchant  steamers,  the 
*' Ville  de  Paris"  and  "  Periere  "  may  be  mentioned  as  fine  speci- 
mens of  Messrs.  Napiers'  work. 

In  all  yards  visited,  the  keel  was  laid  in  the  plane  of  the  magne- 
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tic  meridian,  with  tlie  stem  toward  the  south ;  the  magnetic  cha- 
racter assumed  by  the  ship  is  therefore  exhibited  by  Fig.  1,  where 
]sr  s  is  the  line  of  dip  of  the  magnetic  needle,  and  e  w,  the  neutral 
line  of  the  ship  ;  the  shaded  portions  have  a  north,  and  the  unshaded 
part  a  south,  polarity. 

An  iron  ship  usually  acquires,  while  building,  a  strong  magnetic 
character,  and  as  a  considerable  loss  of  magnetism  generally  occurs 
in  the  first  heavy  weather  that  is  met  with,  the  first  voyage  of  the 
ship  occasions  some  anxiety,  but  the  magnetism  soon  becomes  much 
less  in  amount  and  nearly  permanent  in  character  ;  the  compensa- 
tion of  the  compass  may  then  be  effected,  or  a  revised  table  of  errors 
constructed,  and  the  ship's  course  can  be  laid  with  perfect  confidence. 

In  the  examination  of  this  subject,  the  magnetism  of  ships  and 
the  deviation  of  their  compasses  by  local  attraction,  Scoresby,  Bar- 


low, Bundell,  Evans,  Airy  and  u  few  other  theoretical  and  experi- 
mental investigators  have  rendered  the  world  a  service  that  will 
never  be  fully  appreciated.  Through  their  labors  the  compensa- 
tion of  the  compass  has  become  comparatively  simple,  the  differing 
effects  of  the  induced  and  permanent  magnetism  being  now  quite 
readily  distinguished  and  easily  compensated  separately. 

In  the  machinery  of  steam  vessels,  important  changes  have  oc- 
curred within  a  few  years,  in  consequence  of  the  imperative  demand 
for  economy  of  fuel  and  space.  The  pressure  of  steam  carried  in 
marine  boilers,  has  gradually  risen  with  a  corresponding  increase 
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ill  \\\r.  cxlciil,  lo  \vlii<-li  (!X)i;iiisi()ii  is  (;;ir-i'i(;i|,  until  some  oj' the  lcu<I- 
illy;  Hril/isli  iiiiiiiiir  ciiyiin;  Itiii  Mors  liJivu  introduced  boilera  ill  wliicli 
ilu!  piiissure  o[*sleiUM  is  kept  at  7o  p(;iinds  per  s(|uarc  inch,  and  en- 
gines in  wliieli  it  is  exj):uided  Irom  live  to  ten  times.  In  some  cases, 
even  liiglicr  steam  and  greater  expansion  lias  been  adopted,  Mr.  .1.  M. 
Ivowan,  of  Glasgow,  having  j'un  up  l(j  120  jxjiinds  and  inorc,  per 
inch,  expanding  more  than  15  times. 


The  adoption  of  sucli  high  pressures  and  great  expansion  in  the 
marine  engine,  where  regularity  of  motion  cannot  well  be  insured 
by  the  use  of  a  fly-wheel,*  has  compelled  a  radical  change  in  the 
form  of  engine.  Messrs,  Maudsley,  Sons  &  Field  attempted,  some 
time  since,  to  introduce  an  engine  in  which  three  cylinders  were 
coupled  to  cranks  set  at  angles  of  120°  with  each  other,  but  we 
were  informed  by  a  member  of  the  firm  that  their  cost  prevented 
their  becoming  a  commercial  success,  although  quite  satisfactory  in 
regard  to  economy  of  fuel,  and  we  found  that  firm,  like  nearly  every 
well-known  firm  in  the  kingdom,  building  "  compound  engines." 
Perhaps  the  only  exception  to  the  rule  is  that  of  Messrs.  Penn  & 
Sons,  who  have  the  finest  establishment  for  the  manufacture  of 
marine  engines  in  Great  Britain ;  they  still  build  the  trunk  and  os- 
cillating engines  for  which  they  have  long  been  celebrated. 

Surface  condensation  is  now  universally  adopted. 

*  At  least  one  English  line  (of  China  steamers)  has  adopted  a  single  cylinder  en- 
gine with  fly-wheel,  with,  it  is  stated,  satisfaotory  results. 
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The  boiler  used  for  generating  liigli  steam  is  usually  very  similar 
to  the  one  shown  in  Fig.  2.  A  cylindrical  shell  of  about  7  feet 
diameter  and  a  thickness  of  from  |  to  l^-  inches,  according  to  the 
amount  of  steam  carried,  is  built  with  two  and  sometimes  three  large 
cylindrical  flues,  in  which  are  the  grates,  and  above  them  a  set  of 
horizontal  "fire-tubes,"  of  about  3  inches  diameter  and  from  6  to  8 
feet  long,  through  which  the  gases  return  to  the  front  and  thence 
rise  into  the  "funnel."  This  boiler  is  strong,  of  moderate  cost, 
generates  steam  freely  and  economically,  and  occupies  comparatively 
little  space.  The  riveting  is  performed  by  a  steam  riveting  ma- 
chine, wherever  possible,  butt  joints  being  usually  adopted,  and  the 
work  looked  generally  strong  and  neat.  The  ends  of  the  boiler 
are  strongly  stayed,  and  the  tube  sheets  are  stiffened  with  stay  tubes 
with  thin  nuts  at  each  end.  The  flues  are  often  strengthened  by  J_ 
rings  at  intervals,  and  another  method,  which,  however,  is  oftener 
seen  in  laud  boilers  is  shown  in  Fig.  S.'^" 

Between  the  boilers  and  the  engines,  a  "  spray  collector "  or 
"separator,"  of  the  form  shown  in  Fig.  4  is  often  placed,  even  when 
the  steam  has  passed  through  superheating  tubes. 

In  the  design  of  engines,  a  great  variety  is  noticed,  as  every 
builder  has  his  own  peculiar  style,  for  which  he  claims  special  ad- 
vantages, but  we  usually  find  a  general  resemblance  to  the  old 
Woolf  engine  of  seventy  years  ago..  - 

In  the  engines  built  by  Messrs.  Maudsley  &  Field,  the  small  high 
pressure  cylinder,  A,  is  placed  upon  the  large  cylinder,  b.  Fig.  5, 
both  having  a  common  piston  rod,  and  two  such  pairs  being  usually 
coupled  to  cranks  set  at  right  angles.  This  arrangement  is  very 
convenient,  also,  in  altering  old  engines. 

Messrs.  Elder  &  Co.,  formerly  Randolph,  Elder  &  Co.,  who  are 
probably  entitled  to  the  credit  of  having,  many  years  ago,  and  in 
the  face  of  immense  opposition,  been  pioneers  in  the  adoption  of 
high  steam  and  considerable  expansion  with  the  compound  engine, 
usually  so  arrange  the  high  and  low  pressure  cylinders  that  their 
pistons  move  in  opposite  directions,  coupling  two  pairs  to  the  crank 
shaft. 

By  this  arrangement  short  passages  are  obtained  between  the 
cylinders  and  a  simple  form  of  valve-gear.  The  opposite  movement 
of  the  pistons  is  sometimes  obtained  by  placing  the  two  cylinders 
of  a  pair  in  the  fore  and  aft  line,  coupling  their  rods  to  cranks  set 
on  the  crank  shaft  at  180°  apart ;  in  another  and  less  expensive 

*  This  method  of  strengthening  flues  was  proposed  for  '•  Cornish  boilers  "  by  the 
writer  some  years  ago,  but  purchasers  generally  preferred  to  accept  a  weaker  boiler 
at  less  cost. 
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arrangement,  one  cyliiidei-,  .s(;(;  V\<^.  0,  ;ictH  directly  upon  the  crank, 
while  the  otliei',  wiiicli  is  [)lace(l  at  one  side  in  the;  atli\vartshi[)  lino 
acts  uj)on  tiic  crosshead  ol' the  lirst  thrcjugh  a  "sway-heani  "  to  the 
end  of  which  the  crosshead  is  coupled  hy  a  short  link. 

In  still  an()th(!r  style  of  engine,  the  two  cylinchirs  are  coujded  to 
ci'anks  set  at  angles  of  loO"  or  150'^,  thus  securing  a  pretty  nearly 
opposite  niovcnicnt  of  pistons,  and  yet  allowing  the  engines  to  turn 
their  centres  easily,  without  the  assistance  of  a  pair  of  right  angles. 
The  "  Palmer  Shipbuilding  Co.,"  and,  we  believe,  one  or  two 
other  firms,  are  building  still  another  form  of  engine,  see  Fig.  7. 
In  their  engines,  the  high  pressure  cylinder.  A,  is  placed  directly 
above  the  crank  shaft  in  the  usual  manner,  but  the  low  pressure 
cylinder,  B,  is  mounted  horizontally  and  athwartships,  and  is  cou- 
pled to  the  same  crank,  the  piston  of  one  being  thus  at  half-stroke, 
when  that  of  the  other  is  at  the  end  of  the  stroke.  The  pipe  con- 
necting the  two  cylinders  and  the  steam  jacket  of  the  largo  cylinder 
form  together  a  large  reservoir,  into  which  the  small  cylinder  ex- 
hausts and  from  which  the  large  cylinder  takes  its  steam,  and  ex- 
cessive irregularity  of  steam  pressure  is  thus  to  some  extent  avoided. 
In  still  another  and  favorite  design,  the  same  action  of  the  steam 
is  obtained  with  a  pair  of  cylinders  side  by  side,  coupled  to  cranks 
set  90°  apart,  instead  of  by  placing  the  cylinders  at  angles  of  90° 
with  each  other. 

In  this,  as  well  as  the  preceding  style  of  engine,  it  is,  of  course, 
necessary  to  provide  a  small  pipe  leading  steam  directly  from  the 
boiler  to  the  large  cylinder  for  use  wdien  starting.  All  these  forms 
of  engine  have  been  found  to  give  excellent  results  when  well  taken 
care  of.  The  Palmer  Co.  use  the  Corliss  valve,  but  not  the  Corliss  cut-off 
apparatus.    All  makers  steam  jacket  one,  and  often  both  cylinder.s. 

From  our  own  experience  and  from  data  gathered  from  many 
sources,  we  should  judge  that  a  well  built  engine  of  the  ordinary 
single  cylinder  type,  with  jet  condenser,  steam  at  30  pounds  pres- 
sure, and  expanding  about  three  times,  can  be  expected  usually  to 
work  with  a  consumption  of  30  pounds  of  steam  per  horse-power 
per  hour,  with  surface  condenser,  the  same  engine  should  consume 
less  than  25,  while  the  best  specimens  of  the  compound  engine  are 
reported,  with  60  pounds  pressure  and  upward  in  the  boilers,  ex- 
panding six  or  eight  times,  to  use  15  pounds  of  steam  or  less.  Prof. 
Kankine  reports  in  his  "  Steam  Engines  and  Prime  Movers  "  that  the 
"Thetis,"  compound  engine  consumed  but  about  10  pounds  of 
steam  per  horse-power  per  hour.  This  was,  perhaps,  hardly  more 
than  an  approximation,  but  the  engine  was  built  by  Messrs.  Rowan 
&  Co.,  of  Glasgow,  and  steam  entered  its  cylinder  with  an  initial 
pressure  of  108|  pounds  per  square  inch,  expanding  fifteen  times. 

"We  are  prevented  by  the  length  to  which  this  paper  has  already 
extended  from  entering  into  an  analysis  of  the  theoretical  and  prac- 
tical advantages  and  disadvantages  of  the  compound  engine,  and  it 
may  more  properly  form  the  subject  of  a  separate  paper. 

The  accompanying  table  may  be  of  interest  in  this  connection. 
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WOOD  WORKING  IVIACHINERY. 

A  trciitisu  (in  its  coiistrui'tioii  and  (ip|iliciiti<in,  willi  ii  In  i'>;v  ..i   w.- 
ov'v^xw  and  prdj^riiSH.     Hv  J.  Ukiiakdh,  M.  K. 

(Conlimi.'.l   frum  \'ul.  L.\.,  pago  .'502.) 

Surfacinij  jllarhines. — Surfaccr  lias  become  the  teclinieal  name 
for  plaiiin;.^-  machines  that  are  used  to  tliiekness,  and  dress  tlie  sur- 
laccs  or  Hat  sides  of  lumber.  Machines  of  this  kind  were,  in  the 
first  article  on  planers,  alluded  to  as  "surface  gauging  planers," 
and  are  the  popular  macliines  in  this  country  for  all  kinds  of  planing 
that  can  bo  done  in  this  manner,  and  for  some  planing  that  perhaps 
should  be  done  on  other  machines.  The  surfacing  machine,  con- 
sisting of  a  single,  or. with  two  cutting  cylinders,  were  called  into 
use  mainly  by  the  peculiar  nature  of  the  lumber  business  in  this 
country.  The  rapidity  and  cheapness  of  their  work  adds  but  little 
to  the  worth  of  lumber  to  surface  and  reduce  it  to  a  unifo  m 
thickness,  in  which  state  it  is  lighter  and  cheaper  to  transport, 
easier  to  cut  and  work,  and  is  ready  to  receive  paint  for  out-door 
uses.  A  first-class  surfacing  machine,  when  properly  fitted,  and 
strong  enough,  will  dress  from  two  thousand  to  three  thousand  feet 
per  hour,  of  pine  boards,  on  one  or  both  sides,  at  but  a  trifling 
cost — the  machine  furnishing  an  excess  of  fuel  over  what  is  needed 
to  drive  it,  and  requiring  no  skilled  care  except  to  dress  the  cutters. 

The  feeding  mechanism  of  surfacing  machines  should  consist  of 
three  pairs  of  strongly  geared  rolls,  having  an  elastic  pressure,  that 
can  be  readily  controlled  or  changed.  The  bed  beneath  or  oppo- 
site to  the  cylinders  should  be  strong  and  firm,  without  any  chance 
of  yielding  from  the  action  of  the  cutters.  They  should  be  of  some 
hard  material,  to  prevent  wear,  which  is  yery  rapid  with  "  gritty" 
lumber.  Machines  with  a  movable  bed,  consisting  of  slats  or  bars, 
mounted  with  links,  forming  an  endless  chain,  have  been  introduced 
in  this  country  for  the  rougher  class  of  work.  The  endless  table  or 
platen  passes  over  a  fixed  bed,  carrying  the  lumber  under  the  cut- 
ters by  the  friction  on  its  top  surface.  The  advantages  of  this 
arrangement  are  mainly  in  the  cheaper  first  cost  of  the  machine,  and 
in  obtaining  a  reliable  feed  without  the  expanding  gearing  that  is  ne- 
cessary in  the  roller-feed  arrangement.  They  are,  however,  liable  to 
wear  out  rapidly,  from  abrasion  under  the  movable  bed  and  the 
numerous  joints  and  rivets  of  the  chain  has  deterred  most  makers 
from  adopting  it. 

The  engraving,  Plate  Y,  illustrates  a  roller-feed  surfacing  machine, 
from  the  designs  of  the  manufacturer,  H.  B.  Smith,  of  Smithville, 
X.  J.  The  arrangement  of  the  machine  is  very  clearly  shown,  and 
will  require  no  description  to  be  understood  by  those  familiar  with 
this  class  of  machines. 

Fig  1  is  a  side  elevation  from  the  designs  of  Messrs.  Allen  Ean- 
some  &  Co.,  of  London,  England.     The  design  shows  vertical  spin- 


Fig.  1. 


dies  for  matching,  or 
side  dressing,  but  is 
adapted  to  plain  sur- 
facing. The  lumber 
is  first  reduced  with 
rotary  cutters,  then 
acted  upon  by  fixed 
cutters  to  produce  a 
smooth  surface.  The 
application  of  fixed 
cutters  in  wood  plan- 
ing machines  with  a 
direct  edge,  as  in  the 
common  hand  plane, 
is  a  subject  that  de- 
serves a  thorough  in- 
vestigation by  manu- 
facturers of  wood  ma- 
chines in  this  country. 
Their  extensive  use  in 
England  and  on  the 
continent,  unless  there 
is  some  great  differ- 
ence in  the  conditions 
of  lumber  dressing, 
would  argue  their  im- 
portance for  many 
uses  here.  The  writer 
hopes,  at  some  fu- 
ture time,  to  present, 
through  the  Journal, 
some  views  on  the 
matter,  and  would  be 
obliged  by  any  com- 
munication bearing 
upon  the  subject. 

The  machine  illus- 
trated is  drawn  J-inch 
to  1  foot,  weighs  about 
5  tons.  The  medium 
rate  of  feed  is  45  feet 
per  minute,  working 
from  one  to  three  sides 
of  the  lurflbpr  jxt  a 
time. 
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Fig.  2  il  a  {)ersj)cutiv(j  (ilcvalion  ol'ii  siuraciiig  macliiiit;  from  tlio 
design  of  llic  inamiracliiicr,  W.  I>.  Whitney,  of  \Vin(;lien<lon,  Mas- 
sachusetts. \\'(!  (aniioL  ii'lVaiii  IVoiii  calling  the  attention  of  our 
readers  to  ihc  ailistic  merit  of  the  engraving  by  Loiigaere  <Si  Co.,  of 


Fiir.  2. 


Philadelphia.  Although  in  perspective,  the  proportions  and  rela- 
tions of  the  parts  are  clearly  defined  with  an  exactness  of  detail  rarely 
attained  in  cuts  of  this  kind.  This  machine  has  had  an  extended  sale 
throughout  our  country,  there  being  at  this  time  more  than  five 
Vol  LXI.— Third  Series. — No.  1.— January,  1871.  6 
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liunclrecl  in  use.  It  lias  sev- 
eral peculiar  features,  wliicli 
we  here  notice.  The  bed  is 
movable,  and  rests  on  inclined 
planes,  giving  it  continually 
a  solid  bearing  at  all  points  of 
adjustment.  The  cylinder  and 
upper  feeding  rolls  are  fixed  ; 
that  is,  they  have  no  adjust- 
ment for  varying  dimensions. 
The  lower  rolls  are  geared 
expansively  with  the  top 
rolls  by  a  peculiar  arrange- 
ment of  wheels,  which  could 
not  be  illustrated  without 
diagrams.  The  cj^^linder  is  of 
steel,  and,  contrary  to  the  pop- 
ular theory  for  smooth  plan- 
ing is  quite  small  in  diame- 
ter. It  performance  at  Paris, 
at  the  Exhibition  of  1867, 
excited  much  comment  among 
English  manufacturers  who 
witnessed  its  work,  which 
was  smooth,  and  almost  free 
from  the  waves  that  are  usu- 
ally seen  on  surfaces  planed 
with  rotary  cutters. 

Fig.  3  is  a  side  elevation  of 
a  planing  machine  from  the 
designs  of  Allen  Eansome  & 
Co.,  London,  having  lighter 
proportions  than  the  one 
shown  in  Fig.  1.  It  is  ar- 
ranged with  horizontal  and 
vertical  spindles  and  fixed 
cutters.  The  framing,  as  will 
be  noticed,  is  cast  in  one  piece, 
and  the  whole  strongly  fitted, 
and  capable  of  hard  service. 
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MAP  OF  THE  ISTHMUS  OF  DARIEN. 

I'.y  JiiiiN   ('.   Tkai'twim;. 

The  uccuinpuiiyinj^  map  o("  tlic  istliimis  of  l)ai-icii  is  a  ruduclic^n 
from  one  on  a  large  scale,  carefully  prepared  by  myself,  for  my  own 
use.  The  coast  lines  are  chiefly  from  British  Government  charts, 
l^he  river  Atrato  is  laid  down  from  my  own  personal  survey  of  that 
stream,  in  1852. 

The  route  surveyed  in  1858,  hy  Lieutenant,  (now  Oeneralj  N. 
Michler,  U.  S.  Engineers,  for  an  interoceanic  .ship  canal,  has  been 
reduced  from  the  large  maps  which  accompany  his  Report.  It 
will  be  perceived  that  the  engraver  has  inadvertently  changed  the 
position  of  some  of  the  words  which  indicate  the  position  of  this 
route  Thus,  the  words  "  ship  canal"  should  have  been  in  a  nearly 
straight  line,  just  above  the  7°  of  latitude.  The  survey  terminated, 
on  the  Pacific  side,  at  the  little  bay  of  Paracuchichi.  It  followed 
the  line  of  the  small  stream  called  the  river  Truando  for  several 
miles.  General  Michler  proposed  to  unite  that  stream  with  the 
Atrato  by  a  cut  shown  on  the  map  by  a  dark,  straight  line.  His 
summit,  near  the  Pacific,  was  about  948  feet  above  mean  tide,  and 
at  that  point  he  proposes  a  tunnel,  four  miles  long.  Just  south  of 
General  Michler's  route  is  one  proposed  for  the  same  purpose  by 
myself  some  years  before,  or  in  1852.  I  consider  it  a  matter  of 
regret  that  it  was  not  surveyed  in  preference  to  the  other  route, 
inasmuch  as  the  distance  is  shorter,  and  the  Bay  of  Cupica  affords 
(according  to  Admiral  Fitz  Roy)  an  excellent  harbor ;  whereas  such 
is  not  the  case  at  Paracuchichi.  Indeed,  with  the  exception  of 
Cupica  Bay,  there  is  no  harbor  along  that  section  of  the  Pacific 
coast.  The  Atrato,  by  my  own  soundings,  affords  at  least  36  feet 
of  depth,  up  to  Yigia  Curbarador,  at  which  point  my  suggested  line 
begins.  Above  Tigia  Curbarador,  which  place  consists  of  but  two 
or  three  huts,  the  depth  of  the  Atrato  diminishes  greatly,  in  conse- 
quence of  the  second  channel,  called  the  Cano  Tadia.  This  cano 
extends  about  30  miles,  when  it  again  unites  with  the  parent  river, 
near  the  mouth  of  the  river  ISTapipi.  The  Xapipi  has  been  much 
spoken  of  as  a  route  for  a  ship  canal,  chiefl}'  owing  to  suggestions 
to  that  effect  bv  Humboldt.  But  I  found  it  to  be  nothinsr  but  a 
small  shallow  creek,  extremely  circuitous,  and  altogether  unadapted 
to  that  purpose.  Moreover,  the  shallowness  of  the  Atrato  from  the 
mouth  of  the  Napipi  to  Yigia  Curbarador,  precludes  all  idea  of 
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using  the  Napipf  as  a  canal  for  large  vessels.  Extensive  marshes, 
frequently  overflowed,  border  both  sides  of  the  Atrato,  almost  to 
its  very  head,  and  would  render  the  construction  of  a  permanent 
canal  through  them  an  expensive  undertaking. 

The  great  bend  in  the  mountains  of  Espiritu  Santo,  west  and 
southwest  of  the  gulf  of  Darien,  is  given  from  my  own  observa- 
tions, made  when  ascending  the  Atrato  in  1852.  The  ridge  seen 
near  the  Pacific  coast,  between  latitudes  6°  and  7^°,  attains  a  gen- 
ral  height  of  1000  feet. 

The  map  shows  what  is  known  of  the  country  between  Caledonia 
Bay  on  the  Atlantic ;  and  the  Gulf  of  San  Miguel,  on  the  Pacific  ; 
including  the  river  Chucunaque,  the  scene  of  the  sufferings  endured 
by  the  U.S.  Surveying  party,  under  command  of  the  gallant  ofl&cers. 
Strain  and  Truxton.  The  late  efforts  of  the  United  States  surveying 
parties,  under  Commodore  Selfridge,  have  been  directed  to  routes 
from  Caledonia  Bay,  southwestward,  towards  the  river  Savana, 
which  empties  into  the  Gulf  of  San  Miguel.  Also,  to  routes  from 
the  Gulf  of  San  Bias,  on  the  Atlantic,  southwardly,  to  the  river 
Chepo,  or  Bayano,  which  enters  into  the  Pacific.  The  general  phy- 
sical character  of  the  country  along  all  these  routes  may  be  inferred 
from  the  map.  This,  however,  gives  no  idea  of  the  difficulties, 
privations  and  dangers  to  be  encountered  by  parties  surveying  in 
those  wild,  inhospitable  regions. 

A  perfectly  practical  route  for  an  interoceanic  railroad  can  be 
had  by  leaving  the  Atrato  at  the  mouth  of  Cauo  Cacarica ;  thence 
following  along  the  north  side  of  said  cano,  to  near  its  head;  thence 
turning  southwest,  rising  along  the  mountain  slopes  to  where  Gen. 
Michlcr  crossed  the  ridge,  near  lat.  7°,  long.  77°  36' ;  and  thence  de- 
scending to  Cupica  Bay.  This  route  would  be  about  100  miles 
long;  and  the  grades  need  nowhere  exceed  about  40  feet  to  a  mile, 
even  without  a  deep  cut  or  tunnel  at  the  summit.  With  a  tunnel 
two  miles  long  through  the  ridge  at  or  near  Michler's  summit,  the 
maximum  grade  will  be  reduced  to  15  or  20  feet  per  mile. 

Though  the  engraving  does  not  possess  the  spirit  of  the  original ; 
still,  the  map  will  be  of  interest  at  this  time,  when  the  attention  of 
the  commercial  world  is  being  so  strongly  directed  to  the  subject  of 
an  interoceanic  ship  canal. 
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ENGINEERING  OF  THE  PERIOD. 

IJy  "W.Nt.  M.  IIkndku.son,    Ilydr.  Etit;iiic.i-. 
(Continued  fr(jm  Vol.  L\,  page  381.) 

We  pass  on  to  another  remarkable  invention,  emanating  from 
Ilarrisburg,  Pa. — a  simple  apparatus  for  raising  water  from  mines, 
quarries,  &c.,  particularly  recommended,  we  are  informed,  for  water 
works.  It  is  composed  of  two  receivers.  A  single  receiving  pipe 
proceeds  to  the  water,  branched  at  its  upper  end,  to  the  lower  end 
of  the  receivers,  and,  continuing  upwards,  serves  as  the  rising  main. 
These  pipes  are  fitted  with  suction  and  discharge  valves,  similar  to 
a  pump;  steam  is  introduced  alternately  to  each  receiver.  The 
modus  operandi  is,  first,  to  fill  one  of  these  receivers  with  steam  ; 
the  communication  between  it  and  the  steam  boiler  is  then  shut  off, 
whereupon  the  steam  condenses,  and  a  partial  vacuum  created,  the 
atmospheric  pressure  upon  the  surface  of  the  water  in  the  well 
forces  a  portion  up  the  receiving  pipe,  and  so  charges  that  re- 
ceiver with  water  ;  steam  is  then  re-admitted  to  the  surface  of  the 
water  and  drives  the  charge  up  to  the  point  Avhere  the  water  is  re- 
quired to  be  elevated.  The  steam  connections  are  so  arranged  that 
the  operations  of  charging  and  discharging  are  performed  alter- 
nately, so  as  to  keep  the  supply  as  continuous  as  possible. 

The  reader  will  perceive  this  is,  to  all  intents  and  purposes,  the 
identical  invention  of  Captain  Savery,  who  obtained  a  patent  for  it 
in  the  year  A.  D.  1698.  There  is  no  doubt  that  he  received  the  first 
idea  of  this  engine  from  the  fire  engine  described  in  1633  by  the 
Marquis  of  Worcester.  Savery's  engines,  however,  were  not  auto- 
matic, but  required  a  laborer  to  manipulate  the  cocks.  It  was  re- 
served for  M.  de  Moura  to  add  a  self-acting  apparatus  for  this 
purpose,  Papin  introduced  a  movable  disc  or  float,  which  was  in- 
terposed between  the  water  and  the  steam,  to  lessen  the  tremendous 
loss  from  condensation  which  occurred  whenever  the  steam  was 
admitted  for  expelling  the  water.  This  description  of  engine  re- 
ceived the  finishing  touches  from  Pontifex,  who  left  nothing  fur- 
ther worth  improving. 

The  prin<.;ipal  objection  to  this  form  of  engine,  We  are  told,  was 
found  to  arise  from  the  great  consumption  of  fuel,  a  considerable 
portion  of  the  caloric  employed  in  the  generation  of  the  steam  being 
absorbed  in  heating  the  new  surface  of  the  cold  water  last  raised 
from  the  well,  and  when  the  water  Avas  required  to  be  elevated  to 
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any  considerable  distance,  there  was  no  conceivable  mode  of  obvi- 
ating this  great  objection.  Savery's  engine  was  not  adapted  either 
for  the  supply  of  towns  or  for  the  draining  of  mines,  two  of  the 
patentee's  principal  objects.  His  great  expectations  ended  with  the 
erection  of  a  few  small  engines  for  raising  water  in  the  pleasure 
grounds  of  some  of  his  admirers.  Savery's  engine  proving  a  failure, 
the  mines  were  only  rescued  from  abandonment  by  Newcomen, 
who,  as  we  have  stated,  shortly  afterwards  introduced  the  atmos- 
pheric engine.  This  engine  took  steam  under  the  piston  only,  the 
down  stroke  being  accomplished  by  the  force  of  the  atmosphere, 
favored  by  the  vacuum  produced  by  the  condensation  of  the  steam 
on  the  under  side. 

This  was  an  important  step  in  the  history  of  the  steam  engine. 
Already  was  produced  one-half  of  our  steam  engine  as  it  exists  now 
The  rest  was  made  short  work  of  by  the  master  mind  of  Watt,  who 
introduced  (about  one  hundred  years  ago)  the  feature  of  condensa- 
tion in  a  separate  vessel,  and  afterwards  admitted  steam  to  the 
other  half  of  the  stroke,  developing  the  Rotative  engine  very  much 
as  we  see  it  at  this  day. 

Returning  to  this  Ilarrisburg  engine,  we  have  been  oflficiall}^  in- 
formed that,  upon  trial,  it  raised  one  million  pounds  of  water  one 
foot  high  by  one  pound  of  coal.  This  is  equal  to  a  duty  of  112 
millions,  which,  it  must  be  admitted,  is  good,  very  good,  when  we 
take  into  consideration  that  the  full  amount  allowed  by  the  laws 
which  have  hitherto  governed  this  universe  has  been  ascertained  to 
be  but  47  millions  ;  and  this,  too,  based  upon  the  supposition  that 
the  force  of  the  steam  could  be  supplied  directly  to  the  water  in  the 
receiving  pipe,  that  there  shall  be  no  loss  by  condensation,  and  a 
perfect  vacuum  maintained  above  the  column  of  water  to  be  lifted 
without  cost.  It  is  somewhat  remarkable  that  the  duty  should  be 
more  than  doubled,  by  the  addition  of  friction,  condensation,  leak- 
age and  the  defects  incurred  from  that  imperfection,  produced  wher- 
ever machinery  is  employed.  Captain  Savery's  invention  has  pre- 
sented a  wide  field  of  action  to  the  professional  inventors  of  our 
country. 

We  have  his  scheme  presented  to  us,  in  some  shape,  every  year, 
sometimes  with  a  single  receiver,  when  it  is  called  a  mont  jue ; 
frequently  it  comes  to  us  with  a  flexible  diaphragm  or  partition, 
separating  the  steam  from  the  water,  as  suggested  by  Papin.  Under 
this  guise  we  know  it  as  the  bellows  pump.     It  is,  however,  the 
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saiiii'  t)l<l  tiling;  lliun;  is  uu  lioiicsi  cIkiikmj  (jf  ever  making  anylhirig 
out  (»r  it.  'i'liat  tlicrc  is  u  field  open  to  tlioscj  wlio,  from  prefer' 
(Mice  or  ijj;iioraii(U',  cannot  bo  classed  as  strietly  honest,  there  is  no 
ilcnyinj^. 

Wo  have  before  iis  a  i)aini)lileL  imrportin;^'  to  Ix;  a  system  of  fire 
protection  :intl  water  supply  for  cities  and  villat/es,  advocating  Ho- 
tarij  piunps.     Wo  are  inlormod  tlioy  employ  curators  to  discourse  to 
the  miiltitiido  the  great  advantages  to  bo  obtained  from  the  simple 
//o/r/r?/ princi[)!e.     No  reservoirs  or  lire  engines  with  this  system 
arc  at  all  necessary,  said  system  consisting  principally  in  employing 
a  number  of  rotary  and  single-acting  plunger  pumps  instead  of  one 
or  two  double-acting  forcing  pumi)s  of  corresponding  aggregate 
power.    Were  it  desirable  to  subdivide  the  work,  for  any  pretended 
purpose,  surely  such  necessity  could  not  have  escaped  the  attention 
of  pump  builders  generally.    The  system  so  lauded  is  not  even  new. 
We  know  situations  where  the  same  duty  has  been  performed  in  a 
quiet  way  for  years,  it  being  at  best  but  a  way  of  doing  things  by 
halves,  without  any  regard  to  that  economy  of  working  so  import- 
ant where  the  saving  of  fuel  is  a  desideratum.     The  pamphlet  is 
full  of  notices  taken  from  country  papers,  written,  it  is  presumed, 
by  interested  parties,  in  the  most  flagrant  violation  of  all  our  pre- 
conceived knowledge  of  such  ruinous  things  as  Rotary  pumps,  high- 
velocity,  impracticability  of  carrying  out  either  the  condensing  or 
expansive  principle  of  steam — a  source  of  economy  not  to  be  lost 
sight  of  where  anything  beyond  first  cost  or  bribery  for  adoption 
is  concerned.     As  an  advertising  medium  to  our  rural  friends,  the 
wonders  performed  by  this  astonishing  system  exclude  the  hope  of 
further   improvement.      We   are  gravely    informed  that  streams 
turned  upon  the  ground  plowed  the  earth  into  deep  ruts  ;  heavy 
barrels  encountered  by  the  same,  like  shuttle-cocks,  were  carried 
instantly  a  hundred  feet  into  the  air.     Even  an  unfortunate  ex-  . 
Mayor,  who  unluckily  placed  himself  under  one  of  the  streams,  was 
raised  bodily  off  his  feet,  and  suspended,  like  Mahomet's  coffin,  in 
the  air,  or,  like  the  marble  that  dances  over  a  common  fountain, 
was  compelled  to  perform  a  ludicrous  ride,  upon  the  seething  tor- 
rent, and  subsequently  dashed  at  a  distance  sprawling  upon  the 
ground.     If  there    were  no    other    objections  to  this  system,  we 
think  the  peril  in  which  it  places  human  life  is  sufficient  to  make 
us  pause  before  we  invite  such  a  devastating  power  in  our  midst, 
unless,  indeed,  we  employ  the  energies  of  the  engine  against  the 
burning  edifice,  and  level  it  summarily  to  the  ground^  matter 
(there  is  no  doubt,  whatever,  from  the  description  of  it,)  quite  within 
the  scope  of  this  engine's  capabilities. 
Philadelphia  Hydraulic  Works,  Oct.  7,  1870. 


48  Mechanics^  Physics^  and  Chemistry. 


TWO  NOTES  ON  THE  DISPERSION  OF  LIGHT. 

By  M.  Th.  Kicour. 

(From  tlie  Comptes  Rendus  of  tho  French  Academy  for  December  13,  lSf9,  and  January  i7,  1870.* 
Translated  by  Prof.  C.  A.  Young,  Ph.D.) 

Experiment  has  demonstrated  that  the  vibrations  of  sound  are 
transmitted  through  air  with  a  velocity  independent  of  its  pitch  ; 
luminous  vibrations  are  also  propagated  in  free  ether  with  a  velo- 
city independent  of  their  wave  length.  A  red  ray  and  a  violet 
emitted  at  the  same  instant  by  a  star  reach  the  eye  of  the  observer 
at  the  same  instant,  however  great  the  distance  traveled.  It  is  no 
longer  so  when  light  penetrates  transparent  bodies.  The  rays  of 
different  wave  length  are  then  transmitted  with  velocities  decreas- 
ing from  the  red  to  the  violet,  and  we  designate  by  the  name  of 
dispersion^  this  property  of  transparent  bodies  which  is  specific  for 
each  substance. 

It  is  owing  to  this  dispersion  that  a  beam  of  white  light  is  spread 
out  into  a  spectrum  in  passing  through  a  prism. 

The  note  which  we  have  the  honor  to  present  to  the  Academy 
aims  to  exhibit  both  the  cause  of  dispersion  and  the  very  simple 
law  which  governs  it. 

In  the  first  part  of  the  memoir  we  establish  by  considerations  in 
some  degree  elementary  an  equation  of  oscillatory  movement  for  a 
plane  polarized  Avave,  taking  account  of  the  fact  that  all  bodies  are 
composed  of  molecules  placed  at  finite  distances  from  each  other, 
we  assume  that  in  a  crystallized  body  all  these  molecules  are  of 
the  same  magnitude,  and  regularly  distributed  in  such  manner  that 
between  two  parallel  equidistant  planes  there  is  always  the  same 
number  of  molecular  systems,  (^.  e.,  the  crystal  may  be  divided 
into  strata  by  a  series  of  parallel  planes  at  certain  equal  small  dis- 
tances in  such  a  way  that  the  constitution  of  any  one  stratum  shall 
be  identical  with  that  of  any  other. — Trans.) 

*  The  memoir  of  which  these  notes  give  an  ahstract  was  referred  to  a  committee 
composed  of  MM.  Bertrand,  Serret  and  Fizeau.  Their  report  upon  it  has  not  yet 
appeared,  nor  the  third  note  which  he  promises  in  the  conclusion  of  the  second. 
Of  course  it  is  impossible  to  judge  from  his  abstract  whether  his  memoir  really 
makes  out  all  he  claims,  and  I  should  like  much  to  see  the  report  of  the  Committee 
before  endorsing  his  conclusion. 
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I  )cv('lii]iiii,L';  into  ;i  scries  tliin  ci|Hiit.i()ii  of  oscillatory  inovcrricnt, 
\V(m:;iii  obtain  tin;  i'orni n la  of  (-aiicliy  hy  a  first  upproximatioii 
litnitcd  to  tliu  two  first  terms  of  tlie  (lovulopmeiit. 

Instead,  liowevcr,  of  proceeding  in  tlds  manner  Ijy  ai)proxinia 
tioii,  we  detennine  directly  tlio  general  terra  of  tl)e  complete  inte- 
gral and  obtain  a  rigorous  expression  for  the  velocity  of  propaga- 
tion of  a  wave  <jI' given  length.     'JMic  ))rol)lctn  of  tlic  tlispcrsion  is 
til  us  solved  for  homocdric  crystals. 

The  formula  we  obtain  is  the  following:  sin.      '  ,      ^^  '  ;    in 

wliieli  li  is  the  pai'ticular  index  of  refraction  which  corresponds  to 
the  wave  length  /,  and  «  and  p  arc  constants  whose  physical 
signification  is  perfectly  determined ;  a  is  the  minimum  distance 
between  two  planes,  parallel  to  the  plane  of  the  wave,  and  dividing 
the  medium  into  strata  of  identical  molecular  constitution,  while  p 
is  the  limiting  index  of  refraction  for  waves  of  great  length,  the 
relative  position  (orientation)  of  the  plane  of  vibration,  and  the 
wave  front  being  constant,- p  varies  w'ith  this  relative  position  ac- 
cording to  known  laws. 

In  a  second  part  of  the  memoir  we  compare  this  formula  with 
the  results  of  experiment.  Detailed  tables  are  given  for  quartz  and 
Iceland  spar,  whose  indices  of  refraction  have  been  determined  by 
M.  Mascart  through  the  whole  extent  of  the  spectrum  fi'ora  the  ex- 
treme red  to  the  extra-violet.  The  differences  between  calculation 
and  experiment  (perhaps  about  ggou  of  the  value  of  the  computed 
indices  of  refraction)  do  not  exceed,  for  the  series  observed  by  M. 
Mascart,  the  differences  which  exist  betw'een  the  results  found  for  a 
given  ray  with  different  prisms  of  quartz  by  such  observers  as 
Eiidbey,  Esselbach  and  Fizeau. 

Finally,  as  the  formula  of  dispersion  is  based  upon  the  hypothe- 
sis of  a  perfect  equality  of  the  molecules,  and  a  distribution  per- 
fectly regular,  and  as  experiment  indicates  that  this  formula  applies 
with  great  accuracy  to  bodies  not  crystallized  but  homogeneous, 
like  the  flint  and  crown  glass  of  optical  instruments,  we  calculate 
for  these  substances,  as  well  as  for  quartz  and  Iceland  spar,  the 
minimum  distance  a  between  two  parallel  planes  dividing  the  vi- 
brating medium  into  layers  of  the  same  molecular  constitution. 

We  thus  And  that  this  distance  a  expressed  in  ten  millionths  of 
a  millimetre  is  equal — 
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For  the  extraordinary  ray  of  quartz  to  .         .         252'33 

252-33  (sic.) 


*"       "    ordinary  "  " 

"      "         "  "         Iceland  spar 

"       "    extraordinary    "  "  " 

"  a  prism  of  flint  glass  by  Steinheil 


300-59 
240-48 
347-51 


It  is  known  that  the  wave  length  for  the  ray  D  is  588S-0  (in  the 
same  units.)  We  can  thus  form  a  clear  idea  of  this  distance  a, 
which  is  closely  connected  with  the  distance  between  the  molecules, 
and  we  see  that  for  the  substances  enumerated,  it  is  from  17  to  25 
times  less  than  the  wave  length  of  the  ray  D. 

The  absolute  distance  between  the  atoms  of  the  ether  is  a  very 
minute  fraction  of  the  distance  between  the  ponderable  molecules, 
and  there  should  therefore  exist  in  the  free  ether,  waves  much 
shorter  than  the  distance  a  calculated  for  the  different  bodies 
(above  named).  A  new  law  of  refraction  determines  the  transmis- 
sion of  these  very  short  waves  through  the  layers  whose  thickness 
is  a,  which  act  as  true  media,  periodically  uniform,  with  an  index 
of  refraction  lower  than  that  of  the  substance  considered  in  mass. 

These  invisible  waves,  extremely  short,  form  a  separate  spectrum 
which  is  partially  superposed  upon  the  luminous  spectrum  in  the 
neighborhood  of  the  ray  a,  but  extends  far  below  the  extreme  red 
where  its  presence  is  indicated  by  thermoscopic  apparatus. 

We  thus  establish  a  characteristic  difference  between  the  luminous 
vibrations  of  long  period  in  the  ultra  red  portions  of  the  spectrum 
and  the  calorific  vibrations  whose  presence  in  the  same  region  is 
incontestable. 

The  formula  for  the  dispersion  gives  the  exact  limit  below  A  for  the 
termination  of  the  spectrum  formed  by  vibrations  of  long  period. 

Below  this  limit  every  luminous  vibration  is  necessarily  excluded, 
but  we  still  find  extremely  rapid  vibrations,  whose  living  force  is 
considerable,  and  which  constitute,  so  to  speak,  pure  heat  in  oppo- 
sition to  luminous  heat. 

Portion  of  Second  Note. 
Direct  experiment  has  proved  that  the  wave  lengths  go  on  dimin- 
ishing from  A  towards  the  extremity  of  the  ultra  violet  spectrum. 
It  has  been  inferred  that  the  same  law  holds  below  A ;  that  is  to 
say,  that  the  wave  lengths  continually  increase  towards  the  termi- 
nation of  the  calorific  spectrum.  But  this  conclusion  is  unwar- 
*  This  appears  t©  be  a  mistake  either  of  the  press  or  pen  —  7Va«a, 
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faiilcd;   it,  is   a   .siiii|)lc    li vpotliosis  not.  1).'i,-im  .mi   any  Miii'<-i  (•.\j,cri 
iiiciiL 

Oil  llu;  coiili'ary,  it  is  in  opjxj.^ition  to  lliu  tlicory  of  dispersion, 
as  1  jn'oposc  to  (IcmonslraU!  in  tlio  nolo  wliicli  T  now  submit  to  tlio 
Judgment  of  tlio  ;i(;:idcmy,  snbsiilnlin"-  for  tlii-^  liviM,t1ic^!-<  ll,c  in- 
dications of  the  theory. 

The  theory  indicates  tlie  existence  of  two  independent  spectra, 
governed  by  distinct  laws  oi"  dispersion. 

The  first  spectrum  belongs,  in  quartz,  to  waves  of  a  length  vary 
iii^-  IVoiii  l  =  co  to  /^    -1215  (ten  millionths  of  a  millimetre.) 

The  law  of  dispersion  for  this  spectrum  is  given  by  the  formula 

Ru;t  part  /.,  ,,  ,  n        /  i        ■      i  no 

sm.         -  ==  —  —  ^:  '    and  the  values oi  R  (the  index  ol  reiraction 

lor  wave  length  I)  are  comprised  between  K  =  p  and  k  —  p  o- 

The  second  spectrum  is  made  of  waves  whose  length  lies  between 
/  =  0  and  ?=1215,  but  for  the  most  part  extremely  short  as  com- 
pared with  the  wave  lengths  of  the  rays  in  the  first  spectrum,  and 
consequently  much  nearer  1=0  than  Z=  1215,  this  second  spec- 
trum forms  by  itself  alone  the  band  of  slightly  refracted  rays,  which 
is  made  manifest  by  thermoscopic  apparatus  below  the  limit  of  the 
luminous  spectrum,  and  prolongs  itself  above  this  limit  so  as 
partially  to  cover  the  extreme  red  of  the  first  spectrum,  yet  with- 
out retaining  any  appreciable  intensity  beyond  the  neighborhood 
of  D. 

The  distinction  which  theory  indicates  between  the  two  spectra 
makes  it  easy  to  understand  how  certain  bodies  are  opaque,  and  at 
the  same  time  diathermanous,  while  others  allow  the  light  to  pass 
and  stop  the  calorific  vibrations.  The  bodies  are  in  the  presence 
of  two  orders  of  vibrations.  One  set  impresses  its  oscillations 
upon  the  periodically  homogeneous  layers  and  causes  them  to  move 
en  masse  ;  the  other  set  operates  upon  the  component  atoms  of  the 
layers.  There  is  a  certain  amount  of  independence  between  these  two 
modes  of  vibration  which  explains  the  passage  of  the  one  and  the 
absorption  of  the  other. 

We  owe  to  M.  Mascart  an  observation  extremely  interesting  and 
confirmatory  of  the  theory.  In  a  spectrum  produced  by  a  prism 
of  quartz,  a  trained  eye  can  distinguish  in  the  ultra-violet  region,  a 
band  six  or  seven  times  as  long  as  the  ordinary  luminous  spectrum 
(from  A  to  h).     This  band  forms  a  prolongation  of  the  spectrum, 
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gradually  fading  out  towards  tlie  upper  end  in  a  continuous  manner, 
and  it  is  longer  as  the  eye  is  more  sensitive. 

On  tlie  contrary,  below  the  ray  A,  where  the  vibrations  over  a 
length  equal  to  that  of  the  luminous  spectrum  possess  a  living  force 
incomparably  greater  than  in  the  ultra-violet  region,  the  most  sensi- 
tive eye  can  only  perceive  a  very  narrow  band  of  dull  red  light. 
This  narrow  band  which  affects  the  eye,  is  the  zone  in  which  the 
wave  lengths  increase  continuously  from  Z=7604  for  the  ray  A  to 
l  =  co  ;  it  has,  in  fact,  as  it  ought,  according  to  our  theory,  a  length 
which  is  less  than  one-third  of  the  length  of  the  luminous  spectrum. 
At  the  limiting  point  there  is  an  abrupt  termination  of  the  spectrum 
formed  by  the  longer  waves,  and  the  sense  of  vision  is  completely 
insensible  to  the  vibrations  of  short  period  which  exist  in  that 
region. 

Summing  up,  then,  in  our  first  note,  we  have  given  the  theoreti- 
cal law  of  dispersion  in  horaoedric  crystals  perfectly  homogeneous, 
and  have  shown  that  the  law  is  verified  by  experiment.  In  the 
present  note  we  have  established  that  the  spectrum  embraces  two 
orders  of  vibration  governed  by  different  laws  of  dispersion. 

The  vibrations  of  long  period  are  propagated  by  means  of  the 
oscillator}'-  movement  of  the  periodically  homogeneous  layers  into 
which  the  medium  resolves  itself  under  the  action  of  the  ponder- 
able molecules ;  these  layers,  limited  by  surfaces  of  minimum  elas- 
ticity, possess  a  certain  thickness  a,  which  forms,  as  it  were,  the 
constant  of  dispersion  for  that  medium. 

The  short  period  vibrations  are  propagated  across  these  layers 
(of  thickness  a)  in  the  interior  of  which  the  mean  elasticity  is 
greater  than  that  which  operates  in  the  propagation  of  the  longer 
waves. 

We  have  established  that  the  free  ether  is,  in  effect,  able  to  trans- 
mit waves  incomparably  shorter  than  those  of  light,  and  we  have 
indicated  incidentally  in  what  manner  the  observation  of  the  lines 
in  the  spectra  of  variable  stars  may  lead  to  a  determination  of  their 
distance  from  the  earth. 

We  have  also  made  it  appear  that  all  known  experiments  con- 
firm the  theoretical  views  that  have  been  set  forth,  and  have  indi- 
cated new  experiments  to  be  executed,  in  order  to  determine  the 
lengths  of  the  calorific  waves  as  actually  as  the  lengths  of  the  lumi- 
nous waves  have  already  been  measured. 

It  remains  for  us  to  make  known  the  origin  of  these  two  orders 
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of  vil)i';iti<)iis  wliic.li  ;u<'  i)r<)|);i;,';il,<;il  in  Llic  cUht,  iiiiil  llic  coii'litioiis 
iiihlci'  wliic.li  ciicli  :itl;iiii.;  tlit;  iiiii  .\i  iiiiliii  of  ililriisity, 

iL  is,  ill  liK't,  ;i,  ijciicr.il  ];i\v,  tii:it,  :ill  Ijudics,  solid  or  luiuni,  emit 
al  :i  high  toiiniL'-iuLiiro  vihrulioiis  ol"  two  period.s  cxtreiiiuly  dittbr- 
eiit,  wliicli  (;()n-c'.s[)()iid,  the  finst  order,  to  the  tnaxiiiiurii  of  intensity 
ill  (III!  visililf  s[)e(;lniiii,  the  second,  ti)  the  niaxiiniini  oI'  intensity 
o['  the  invisible  si)eetrum,  whihj  the  vibrations  ol'  internncdiate 
tluration  are,  so  to  speak,  absent,  or  at  least  possess  a  living  force 
i|iiite,  inappreciable. 

The  h(iQ  etlier,  us  wc  eoneeive,  does  not  oiler  in  itself,  any  cx- 
[)lanation  of  this  general  law,  for  it  can  propagate  with  the  same 
facility  vibrations  of  every  wave  length.  It  is  to  the  source  of  the 
vibrations  that  we  must  ascend;  and  the  molecular  constitution  of 
bodies  put  us  on  the  track  of  a  rational  explanation  of  the  exist- 
ence of  two  maxima  around  which,  so  to  speak,  group  and  con- 
dense themselves,  the  vibrations  of  the  visible  spectrum,  and  those 
of  the  invisible. 

Every  body  is  made  \\^  ol  pliysLcal  molecules;  every  physical 
molecule  is  an  assemblage  of  chemical  molecules ;  two  orders  of 
vibrations,  of  widely  different  periods,  correspond  to  these  two  or- 
ders of  molecules ;  these  molecular  vibrations  communicating  a 
portion  of  their  living  force  to  the  ether  give  birth  to  two  orders 
of  undulatory  movement,  constituting  the  radiance  of  light  and 
heat.  The  slower  luminous  vibrations  emanate  from  the  plnjsical 
molecules;  the  more  rapid  thermal,  from  the  chemical  molecules  or 
atoms. 

The  formula  which  answers  to  these  vibrations  explains,  at  the 
same  time,  both  the  fusion  of  bodies  and  the  dispersion  of  light. 
The  developments  into  which  it  will  be  necessary  to  enter  will 
form  the  subject  of  a  third  note.  (This  third  note  has  not  yet  ap- 
peared.—  I'rans.) 


Furnace  Slag  is  utilized  in  Belgium  by  allowing  it  to  run  off 
into  moulds  along  the  sides  of  the  furnace,  in  which  it  assumes  the 
form  of  rectangular  blocks  of  any  size.  When  cold,  the  mass  forms 
a  compact,  homogeneous  slag,  very  much  resembling  porphyry,  and 
equal,  for  building  and  engineering  purposes,  to  the  best  natural 
stone  that  can  be  procured  from  the  quarry. 
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ON  THE  REDUCTION  OF  LIGHT  DUE  TO  THE  PRESENCE  OF  CAR- 
BONIC ACID  IN  ILLUIVIINATING  GAS. 

(Eead  before  the  American   Association  for  the  Advancement  of  Science,  Troy 

Meeting.) 

B}^  Fred.  E.  Stimpson. 

[The  experiments  here  detailed  were  made  by  Prof.  William  B. 
Rogers,  in  1863,  and  a  meagre  abstract  appears  in  tlie  Reports  of 
the  British  Association,  at  its  Bath  meeting,  1864,  p.  40.  The 
details  have  never  before  been  published.— F.  E.  S.] 

It  is  a  familiar  fact  that  carbonic  acid  gas  is  incapable  of  burning, 
and  that  a  flame  of  any  kind  plunged  in  an  atmosphere  containing 
a  large  amount  of  it,  is  immediately  extinguished.  Its  presence, 
therefore,  in  considerable  quantity,  in  ordinary  illuminating  gas, 
might  be  expected  to  impair  its  illuminating  power.  But  in  the 
small  proportion  of  one  or  two  per  cent.,  in  which,  at  some  manu- 
factories, it  is  allowed  to  remain  in  the  gas,  the  evil  is  so  inconspi- 
cuous as  to  have  led  to  the  belief  that  a  more  complete  removal  of 
the  impurit}^  is  practically  of  no  importance. 

The  opinion  has  even  been  advanced,  that  in  such  small  quanti- 
ties, its  action  is  merely  that  of  diluent,  serving,  when  present  in 
such  gas,  to  facilitate  the  combustion,  to  the  extent,  at  least,  of  com- 
pensating for  the  loss  of  light  it  might  otherwise  occasion. 

These  reasons  in  favor  of  an  incomplete  removal  of  the  carbonic 
acid  are  moreover  strengthened  by  the  fact,  that  in  separating  the 
last  portions  of  this  impurity  by  the  dry  lime,  or  other  purifying 
process,  we  at  the  same  time  arrest  a  small  portion  of  the  illumin- 
ating ingredients  of  the  gas,  and  thus  run  the  risk  of  weakening, 
instead  of  strengthening  its  illuminating  power. 

These  vague  and  uncertain  impressions  as  to  the  action  of  small 
quantities  of  carbonic  acid,  and  as  to  the  economy  of  its  removal, 
suggest  the  importance  of  a  thorough  experimental  investigation 
on  the  subject,  and  have  led  me  to  make  the  series  of  observations 
which  follow;  offering,  I  believe,  the  first  conclusive  results  thus 
far  published  on  this  interesting  question  in  the  science  and  eco- 
nomy of  gas  lighting. 

Mode  of  conducting  ihe  experiments. — 1.  The  carbonic  acid  was 
evolved  from  Bi.  Carb.  Ammonia,  by  the  action  of  dilute  sulphuric 
acid,  using  the  common  form  of  self- regulating  apparatus,  and 
passing  the  gas  through  water  in  a  wash  bottle  properly  connected 
with  the  exit  pipe. 


Till-  Ii'uIii.cliitiL  of  Li'jlil.  .o/i 

'J..  Till'  iiiixtiiic.  i)\'  ciiilioiiic.  acid  and  ^^as  vvus  iriadu  in  a  dia- 
l>lna':;ni  jj,a.s  Imldcr,  from  wlduli  it  was  aftorvvanl  delivered  to  tho 
burner  in  the  pln^tonnarie  experiments.  To  cd'ectthis  mixture,  gas 
was  turned  on  to  one  side  of  tlie  diaphragm,  and  the  other  com- 
paitnient,  as  i'ar  as  possible,  emptied.  The  carbonic  acid  wa.s  then 
turned  in  upon  the  latter  until  a  sullieient  volume  was  introduced, 
then  this  compartment  was  filled  with  ga.s,  the  first  gas  admitted 
being  expelled  in  corresponding  quantity  from  the  other  side.  Tho 
whole  being  closed  in,  the  vessel  was  repeatedly  inverted  and  turned 
iVoni  side  to  side,  with  the  view  of  thoroughly  incorporating  the  con- 
tents, and  when  this  was  thought  to  be  elVected,  and  before  connec- 
ting the  holder  with  the  photoraetrical  apparatus,  a  portion  of  the 
mixture  was  taken  out  for  analysis. 

3.  The  percentage  of  carbonic  acid  in  the  mixture  was  deter- 
mined in  a  graduated  tube  over  mercury.  In  the  first  experiment 
the  tube  was  filled  by  displacement  through  mercury.  Afterwards 
it  was  found  more  convenient,  and  quite  as  accurate,  to  fill  by  dis- 
placement with  a  long  inserted  tube  in  air. 

The  absorbent  was  a  ball  or  rod  of  caustic  potassa  (the  latter 
being  the  more  prompt),  fixed  upon  the  end  of  a  long  wire. 

4.  The  illuminating  power  was  determined  by  passing  success- 
ively the  common  gas  and  the  mixture  through  the  same  dry 
meter,  at  equal  or  nearly  equal  rates  (5  feet  per  hour),  and  burning 
them  from  the  same  15-hole  argand  burner,  and  comparing  their 
respective  lights  with  a  third  light,  also  burning  5  feet  per  hour, 
at  the  other  end  of  a  photometric  bar,  150  in.  long. 

These  two  results  were  then  reduced  to  equality  of  delivery. 

KXPERIMEXTS.  111. 

C  O,  Power. 

(1.)   Boston  Gas,  containing  about -(j  p.  c.      1-COO 

Mixture  "  by  determination 24-  -203 

"  "  "             2*i  6  •152 

««  "  ,               "             16-25  -400 

«'  "  " 8-75  -667 

(2.)   Boston  Gas,  "  "             2-5  1000 

Mixture  •'  "             12-5  -609 

<i  •'  '«             29-  -084 

«'  "  "               58-5  -000 

(3.)  Boston  Gas,  "  "             2-50  1-COO 

Mixture  "  '^             24-  -193 

«  "  '<              12-  -619 

(4.)  Boston  Gas,  "  "             2-8  1000 

Mixture  "  «'              4  6  -903 

"  "  '(             4-4  -936 

(5.)   Boston  Gas,  "  "             2-4  1-OCO 

Mixture  "  "              3-3?  -921 

«'  <<  «t             5-8  -854 
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Note. — From  the  above  we  obtain  the  following  table 
=  to  produce  a  loss  of  2-6  X  -0364  :;=i  09i  loss  of  light. 


Allowing  2  6  per  cent. 


Per  cent.  C  0.,. 

Per  cent,  loss  111,  Pow 

Lire  Gas  0.     Ill 

.  Power  =  1(00. 

Loss. 

for 

each  per  cent.  C  Oj 

2-6  = 

•906 

■094 

3-3?  (4-3)  -840 

•160 

5 

5-8 

•779 

•221 

4 

4-5 

•820 

•180 

2 

8-75 

•601 

•396 

n 

12- 

•563 

•437 

H 

12-5 

•554 

•446 

u 

IG  25 

•363 

•637 

3f 

24- 

•183 

•817 

u 

24- 

•175 

•825 

H 

26-61 

•137 

•863. 

H 

29- 

•076 

■924 

H 

58-5 

•000 

bOOO 

I  have  put  these  results  in  the  form  of  a  curve,  and,  for  the  pur- 
pose of  comparison,  have  added  a  curve  representing  the  loss  due 


to  the  addition  of  atmospheric  air,  taken  from  Audoin  and  Berard's 
Experiments.     Annales  de  Chemie^  &c.,  1862. — F.  E.  S. 

In  the  next  experiments  the  gas  was  passed  through  hydrated 
lime,  according  to  the  ordinary  method  of  the  dry  lime  process. 


Tlie  liciliitluin  I  if  Llijhl,  57 

iii  )    Ho.iUiii  (Ian,  Ciirlmnic  Acid  (umli-lortniiied) ,..,.,,.      1  000 

'I'lic  Millie  |iiirilii:(l  lliiouj^li  Lime,     •'  1-060 

(7  )    IJosliJii  (ins,  Carljoiiic  Acid,  'I'l  [icr  cent 1-000 

Tiio  same  parliiilly  I'luiliud 1  O.'iO 

'I'lic  dill'rroiicc  bclvvucn  cx[)criin(,'iil  0  :m<l  7  may  liiivc;  bcun  partly 
iluo  to  the  j)roscnco  of  a  larger  aiiiouiiL  of  carbonic  acid  in  the  lor- 
nicr  case.  This  small  eftcct  on  the  illuminating  i)ower  of  tlie  2  jicr 
cent,  of  carbonic  acid  taken  out  is  in  striking  contrast  with  that 
observed  in  the  former  case,  where  2  per  cent,  was  added,  and  leads 
to  the  suspicion  that  the  lime  removes  some  of  the  illuminating 
ingredients  at  the  same  time  that  it  abstracts  carbonic  acid.''' 

(8.)  The  lime  was  removed  and   replaced  by  broken  fragments  of  pumice-stone, 

boiled  down   in   solution   of  potassa   (13C)   until  the  water  was  nearly  all 
cvajiorated. 

Partially  purilicd  gas,  carbonic  jxcid 0-3    {,er  cent.  1-070 

Boston  Gas,                          "           "     2  7         "  1-000 

"           "     purified           "           "    0            "  1-05-5 

(9.)      "           "                            "   -        "     2-7  1000 

"     purified           "           "      0-5  1073 

(10.)  Boston  Gas 2-58  1000 

Purified  so  that  it  did   not  act  on  baryta  water 

while  passing  through  for  5  minutes 0-  1  001 

The  same  partially  purified  1  Gi  1035 

These  results  not  being  altogether  satisfactory,  further  ex  peri - 
luents  were  made  upon  gas  manufactured  by  tlie  Charlestown  Gas 
Liglit  Company,  in  tbe  office  adjoining  their  works. 

This  gas  was  purified  by  the  dry  lime  process,  and  being 
nearly  free  from  carbonic  acid,  was  well  suited  for  determining  the 
effect  of  small  additions  of  this  impurity  on  the  illuminating  power- 
Observations  with  the  absorption-tube,  made  at  intervals  during 

*  Indeed,  both  in  these  and  next  two  experiments  with  potassa,  the  purifying 
material  was  colored  slightl}' green  by  the  absorption  of  some  other  ingredient 
than  carbonic  acid. 

It  was  found,  also,  that  the  lime  and  potassa  soon  ceased  to  act  upon  the  acid, 
and,  on  opening  the  purifier,  this  loss  of  action  was  accounted  for  by  finding  the 
purifying  material  quite  dry.  It  action  could  be  restored  again,  for  a  time,  by 
remoistening  it.  That  this  inaction  does  not  occur  so  soon  when  the  crude  and 
sulphurous  gas  is  acted  upon  in  the  ordinary  dry  lime  process,  I  think,  is  quite 
clear,  for  I  have  frequently  determined  the  carbonic  acid  in  gas  purified  by  that 
process,  and  have  found,  almost  without  exception,  that  when  the  sulphuretted 
hvdrogen  was  taken  out,  I  could  discover  but  faint  traces  of  carbonic  acid.  And 
it  has  been  equally  true,  that  when  sulphuretted  hydrogen  was  present,  carbonic 
acid  was  also  present. — P.  E.  S. 
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the  contiuaauce  of  the  experiments,  gave  the  percentage  of  carbonic 
acid  in  the  gas  0-3,  0-3,  0-2,  0-2. 

The  following  table  gives  the  results  obtained  by  these  experi- 
ments :  pure  gas  being  1*000. 


'or  cent.  Carb.  Acid 
in  gas. 

1-0 

111.  Power. 
1-000 

Loss  of  111.  Power. 

Less 
per 

per  cent.  111.  for 
cent.  C  0-2. 

1-9 

•9C0 

.100 

5-2 

2  1 

•888 

•116 

5^5 

2-2 

•878 

•122 

5-5 

3-1 

•814 

■18S 

6^ 

4-2 

•769 

•231 

5-0 

6-6 

■707 

•293 

4-4 

6-7 

•710 

■290 

4^3 

9-7 

•555 

■44i 

4-5 

97 

•618 

•318 

3^9 

From  these  results,  it  would  seem  that  at  least  10  per  cent,  of 
the  light  was  destroyed  by  the  addition  of  2  per  cent,  of  carbonic 
acid;  and  it  is  but  reasonable  to  expect  that  if  we  could  take  out 
that  2  percent,  without  removing  any  illuminating  ingredient,  there 
would  be  a  corresponding  gain. 


LIST  OF  OBSERVATIONS  ON  THE  POLARIZATION  OF  THE  CORONA. 

By  Prof.  Edward  C.  Pickering. 

Ix  the  observations  of  the  eclipse,  on  the  22d  December  of  last  year, 
one  of  the  principal  questions  to  be  determined  will  be  the  consti- 
tution of  the  corona.  As  both  the  spectroscope  and  polariscope 
will  be  used  for  this  purpose,  and  it  seems  desirable  to  collect  what 
has  already  been  done  with  these  instruments.  The  observations 
with  the  spectroscope  are  well  known,  being  confined  to  the  eclipses 
of  1868  and  1869,  In  the  former,  nothing  unusual  was  seen  in  the 
corona  spectrum,  and  it  was  supposed  to  be  the  same  as  that  of  the 
sun.  The  observations  of  last  year,  however,  especially  those  of 
Prof.  Young,  showed  no  dark  lines,  but  at  least  one  bright  one. 
The  observations  with  the  polariscope  are  more  scattered,  but  the 
following  list  includes  the  most  important.  I  have  endeavored  to 
give,  where  possible,  the  exact  words  (or  the  most  literal  transla- 
tion) of  each  observer's  report,  w^ith  the  place  of  its  publication, 
and  in  some  cases  a  short  criticism. 

This  question  appears  to  have  been  first  suggested  by  Arago  in 


Polarization  of  llir.  Curomi.  59 

1812.  111!  says:  "  It.  is  ikjL  probable!  liiat  tli(j  li;.^liL  of  lli<;  lutninoiiH 
liiiiai-  corona  can  show  traces  ofixjlarizatioii.  it  would  .«till  be  well 
lo  dctonaino  the  fact  by  the  aid  of  a  polariscopc."— /'/'.»m/y^c.'j  Haulus, 
Xl\\  18-12,  2>.  855. 

Jmjlii'SK  01''  1812. 

Arago  at  Perpi<ju.<in. — "  \  instantly  sci/cda  prdari.scope  ^1  binules, 
that  was  beside  mc  ;  I  handed  over  to  M.  Victor  Mauvais  a  colored 
banded  polariscopc,  and  began  to  explore  with  my  instrument  tlic 
environs  of  the  luminous  aureole,  tlie  aureole  itself,  and  even  the 
atmospheric  region  which  was  projected  on  the  lunar  disk.  Every- 
where I  saw  the  two  lunules  tinted  with  the  complementary  colors 
which  indicate,  infallibly,  the  presence  of  polarized  light  in  every 
ray  subjected  to  the  delicate  analysis  of  the  instrument."  As  he 
was  unable  to  determine  the  intensity  of  the  polarization,  or  to  tell 
whether  that  of  the  corona  was  more  marked  than  that  of  the  adja- 
cent sky,  he  concludes :  "  I  have  no  means  of  judging,  from  my  ob- 
servations, whether  the  light  of  the  corona  is  polarized  or  not." — 
Arajo^s  Astro7i.  Populair^  III,  G12. 

Mauvais  at  Perpignan. — "  During  the  total  eclipse  I  directed  a 
polariscope  called  Savart's  to  the  moon  and  the  ring,  and  I  saw 
iridescent  bands.  The  maximum  of  intensity  corresponded  with 
the  horizontal  position  of  the  bands.  They  were  very  bright  on  the 
ring,  and  beyond ;  they  appeared  less  distinct  on  the  moon  itself, 
yet  were  distinctly  visible  even  there." — Aragd's  Astron.^  Ill,  6-12. 

The  brightness  of  the  lines  must  have  been  at  a  maximum  when 
vertical  as  well  as  when  horizontal,  since  the  intensity  in  posi- 
tions at  right  angles  is  always  equal.  Apparently  each  image  ob- 
served by  Arago  Avas  of  uniform  color  throughout,  and  therefore 
its  plane  of  polarization  everywhere  the  same,  and  the  observation 
of  Mauvais  shows  that  this  plane  was  not  inclined^  but  either  hori- 
zontal or  vertical. 

Eclipse  of  1851. 

Ahhadie  at  Frederickswoerh. — "I  had  inserted  a  plate  of  quartz 
between  the  object-glass  and  eyepiece  of  ray  telescope,  and  applying 
a  double  refracting  prism  to  the  eyepiece  as  an  analyzer,  I  per- 
ceived that  the  light  of  the  ring  was  strongly  polarized.  I  could 
not  distinguish  any  trace  of  color  on  the  dark  disk  of  the  nioon, 
but  the  clouds  may  have  been  less  transparent  in  that  part." — Ara- 
go s  Astron.,  Ill,  610. 
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Dunkin  at  Ghristiania. — "  Troubled  by  clouds.  Little  appearance 
of  the  corona  was  seen,  and  not  a  trace  of  polarization ;  green  was 
as  bright  as  any  other  color." — Astron.  Month.  Notices,  XIT,  45. 

The  last  statement,  which  seems  to  have  puzzled  the  writers  of 
the  time,  was  probably  made  to  refute  an  earlier  observation,  to  the 
effect  that  green  was  absent  in  the  light  of  the  corona,  and  has  no 
relation  to  the  test  for  polarization.     See  accompanying  letter. 

Carrinrjton  at  Lilla-Ider  used  a  Nicols  prism.  "I  tried  this 
means  for  an  instant  on  the  ring,  but  without  success."  His  instru- 
ment was  in  good  order,  since,  Avhen  directed  to  the  atmosphere  at 
a  suitable  distance  from  the  sun,  it  indicated  the  existence  of  polar- 
ized rays. — Aragoh  Astron.,  Ill,  610. 

Eclipse  of  185S. 

Liais  at  Paranagua. — Instruments  used,  a  tourmaline  plate  and 
Savart's  polariscope,  "  which,  many  have  assured  me,  renders  most 
distinct  the  existence  of  polarized  rays,  and  the  direction  of  their 
plane,  which  is  normal  to  the  limb.  The  double  refracting  prism 
of  small  angle  has  enabled  me  to  recognize  that  the  protuberances 
gave  two  equal  images  in  spite  of  the  polarization  of  the  base  on 
which  they  were  projected,  because  the  slight  separation  of  the  two 
images  rendered  this  polarization  equal  for  both."  The  neutral 
point  in  the  atmosphere,  he  states,  was  in  the  region  of  the  sun  ; 
hence,  no  confusion  was  possible.  "  Moreover,  if  I  have  found  the 
polarization  of  the  corona  feeble,  compared  with  the  ordinary 
atmospheric  polarization,  I  no  less  declare  that  it  is  undoubtedly 
much  greater  than  other  polarizations  well  known,  such  as  that  of 
the  surface  of  the  moon.  It  was  even  perceptible  by  a  small  Sa- 
vart's polariscope,  which  did  not  allow  us  to  see  the  bands  on  the 
moon  in  the  conditions  of  the  maximum  polarization  of  this  body." 
—  Gomjptes  Rendus,  LI,  p.  769. 

As  the  atmospheric  polarization  is  caused  by  the  sun,  the  neutral 
points  are  always  at  a  constant  distance  from  this  body,  and  it  is 
difficult  to  understand  how  the  sun  could  then  coincide  with  them, 
rather  than  at  any  other  time. 

Eclipse  of  1860. 
Ahhadie  at  Briviesca. — Used  double  image  prism  and  plate  of 
quartz,  giving  contiguous  imagas.     He  found  the  light  of  the  pro- 
tuberances unpolarized. —  Gomptes  Rendus,  LI,  p.  705. 


Pohiri::atio7i  of  the  Corona.  01 

Sccchi  on  till',  anmmil  of  J//.  MlcJlcI. — "  I  tlion  placed  my  eye  to  an 
Anij^o's  pol.'uiscope,  :ilrc:i(ly  diructcd  very  near  the  sun,  and  1  per- 
ceived that  the  t\V(;  images  were  not  <;f  equal  color,  and  that  the 
corona  in  one  was  elonj^atcd  in  (jiie  direction,  and  in  the  other  in  a 
direction  piMpcmlicular  to  the  first ;  but  I  could  only  give  a  few 
seconds  to  this  examination." — Comjiks  Rendns^  ///",  p.  lo8. 

it  seems  as  if  the  elongation  observed  must  liave  been  imaginary, 
since  the  plate  of  quartz  or  selinite  in  the  polariscope  would  have 
prevented  this  efiect,  while  if  they  had  been  removed  by  accident, 
no  dilVerencc  of  color  would  have  been  perceptible.  We  could  only 
account  for  cither  cITcct  separately,  but  not  for  their  simultaneous 
appearance. 

Prazmoicshi  at  Briviesca. — Used  a  telescope,  with  terrestrial  eye- 
piece, magnifying  22  diameters.  At  common  focus  of  object-glass 
and  eye-piece,  a  quartz  plate  of  double  rotation  was  placed,  its 
thickness  being  such  as  to  give  tlie  sensitive  tint.  A  Nicols 
prism  was  interposed  between  the  first  and  second  lens,  where  the 
bundle  of  rays  was  most  narrowed.  The  distinctness  of  the  image 
was  not  thus  affected.  The  field  was  divided  into  two  parts  by  a 
black  line,  and  the  prism  and  plate  turning  together,  there  was  ab- 
sence of  color  only  when  this  line  coincided  with  the  plane  of  polar- 
ization. The  image  of  the  sun  w\as  brought  into  the  centre  of  the 
field,  the  line  of  junction  being  vertical,  and  cutting  the  disk  into 
two  equal  parts.  Two  segments  of  the  corona  were  seen  not  equally 
colored  throughout.  The  upper  and  lower  extremities  of  each  seg- 
ment in  contact  with  the  line  of  junction  of  the  quartz  "were  always 
uniformly  colored  ;  to  the  right  and  left  of  these  extremities  the 
two  halves  were  strouglj-  colored  of  complementary  tints,  one  red, 
the  other  green. 

A  motion  of  rotation  imparted  to  the  eyepiece  around  its  axis  did 
not  change  the  colors  with  regard  to  the  line  of  separation  of  the 
quartz.  The  light  of  the  corona  was  then  polarized,  and  its  plane 
of  polarization  coincided  with  the  normal  to  the  contour  of  the 
moon. 

This  was  not  a  mere  trace  of  polarization,  but  most  intense  colors; 
on  one  side  a  most  brilliant  ruby  {le  rubis  le  plus  vif),  and  on  the 
other,  the  perfect  emerald  green  {Temerande  la  plus  p)ure).  As  well 
as  I  remember,  the  part  of  the  corona  most  strongly  colored  did  not 
correspond  with  the  most  luminous  portion,  but  is  found  at  a  certain 
distance  from  the  circumference  of  the  moon. 
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A  second  telescope,  of  twice  tlie  power  of  the  first,  was  used  for 
tlie  protuberances.  Between  tlie  first  and  second  lens  of  tlie  eye- 
piece was  placed  a  plate  of  quartz,  perpendicular  to  the  axis  {per- 
pendiculair  a  simple  rotation)^  giving  a  red  tint.  In  front  of  the 
eyepiece,  a  double  refracting  prism  of  small  angle  was  placed,  sepa- 
rating the  images  1^'.  The  protuberances  were  thus  separated,  but 
the  corona  images  overlapped,  giving  a  white  background.  By  this 
means  it  was  found  that  the  light  of  the  protuberances  was  unpolar- 
ized. —  Comptes  Rendus^  LI^  p.  195. 

These  observations  seem  to  have  been  made  with  great  care,  and 
are  among  the  first  that  are  recorded  with  sufficient  detail  to  permit 
of  a  careful  criticism.  Unfortuately,  two  errors  occur  in  the  fun- 
damental statement  that  the  two  halves  of  the  field  are  colorless 
when  the  line  of  junction  is  parallel  to  the  plane  of  polarization. 
In  reality  they  are  never  colorless,  but  in  this  position  are  of  the 
same  color,  and,  what  is  more  important,  they  are  again,  of  a  uni- 
form tint  when  the  line  of  junction  is  perpendicular  to  the  plane  of 
polarization.  This  is  obvious  from  the  theory,  and  is  verified  by 
experiment.  Let  us  now  see  what  would  have  been  the  appearance, 
if  the  corona  had  been  strongly  polarized  in  planes  passing  through 
the  sun's  centre.  The  upper  and  lower,  or  N.  and  s.  parts,  would 
have  been  of  uniform  color  on  each  side  of  the  line  of  junction, 
since  their  plane  of  polarization  would  have  been  parallel  to  it.  The 
E.  and  "vv.  parts  would  also  have  been  alike,  since  their  plane  is  per- 
pendicular to  the  line  of  junction.  The  most  marked  colors,  how- 
ever, would  have  been  at  angles  of  45°,  the  N.  E.  and  s.  w.  being 
alike,  and  complementary  to  the  is^.  w.  and  s.  E.,  one  being  red,  the 
other  green.  These  appearances  would  be  so  striking,  and  so  utterly 
unlike  those  actually  observed,  that  there  seems  no  chance  of  their 
being  mistaken. 

Eclipse  of  1868. 

Camphell  at  Jamkandi. — Used  a  3-inch  telescope,  with  three  eye- 
pieces, giving  powers  of  27,  41  and  98-,  two  analyzers,  a  double 
image  prism  and  a  Savart's  polariscope.  First,  with  a  power  of  27 
and  a  field  45'  diameter.  "  A  most  decided  difference  was  at  once 
apparent  between  the  two  images  of  the  corona."  He  then  applied 
the  Savart's  polariscope,  which  gave  bands  at  right  angles  to  the 
limb,  distinct  but  not  bright,  and  with  little  if  any  appearance  of 
color.  On  turning  the  polariscope  in  its  cell,  the  bands,  instead  of 
appearing  to  revolve  on  their  own  centre,  passing  through  the  va~ 
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riouH  phasi's  u[  hri^liliiess,  arraiiguiiKMit,  !n'..,  travelled  bodily  along 
thu  liiiil),  always  at  rij^lit  aii;^Io>i  thereto,  and  without  much  chanj^c 
in  intensity  or  any  at  all  in  arrangement. 

The  point  at  whiith  tlicy  srcrned  strongoi  ^\ii->  aWowt  140"-'  from 
the  vertex,  and  I  recorded  them  as  "  l)lack-centred."  Changed  to 
eye  piece,  giving  power  of  41,  and  the  first  clear  instant  showed  the 
hands  much  brigliter  than  before,  colored,  and  as  tangents  to  the 
limb,  at  a  point  about  260"  from  th-'  v.-rt.v,—  /'/•'"■.  A'-v.  .S'"'..  I'^^I"'. 
November  10,  p.  122. 

Winter  at  Masnlipdan.  —lie  used  a  telescope  of  Guuke  and  Sons, 
of  2i"  aperture  and  28"  focal  length,  with  a  Savart's  polariscope, 
and  double  image  prism  and  quartz  plate  cut  perpendicular  to  the 
axis.  On  examining  the  light  from  the  corona,  by  means  of  the 
Savart's  polariscope,  he  fouud  it  very  strongly  polarized  every 
where  in  planes  radial  to  the  sun's  centre.  The  bands  were  ex- 
tremely vivid  near  moon's  limb,  and  faded  off  with  the  corona. 
Several  portions  of  the  corona  were  successively  tried,  and  in  all 
the  white  central  bands  were  brightest  where  they  were  radial  to 
the  sun,  and  the  black  central  bands  were  equally  marked  when 
they  were  tangential  to  the  limb. — Pldl.  Maj-,  Jan.,  1870,  p.  17. 

Eclipse  of  1869. 

Smith  at  Eden  Ridjc—lw  a  note  to  the  writer.  Prof.  Smith, 
states  that  a  member  of  his  party  found,  that  witli  "  an  Arago  po- 
lariscope, decidedly  no  traces  of  polarized  lijht  coidd  he  detected  in 
the  light  of  the  corona."— Z>^c.  20//^,  1869. 

Pickering  at  Mt.  Pleasant, — The  writer  used  an  Arago's  polari- 
scope, and  observed  that  '"  the  two  images  were  precisely  alike  and 
both  pure  white,  but  one  was  on  a  blue,  and  the  other  on  a  yellow 
background.  From  this  we  infer  that  the  corona  was  unpolarized- 
or  at  least  that  the  polarization  was  too  slight  to  be  perceptible." 
The  colored  background  was  accounted  for  by  light  reflected  by 
the  sky  from  tbe  eartb  beyond  the  limits  of  the  shadow." — Jour. 
Frank.  Inst.,  Oct.,  1869,  p.  285;  Dec,  1S69,  p.  372. 

It  is  difficult  to  account  for  the  great  variation  in  these  results. 
Moigno  suggests  that  it  may  be  due  to  real  variations  in  the  co- 
rona, but  this  seems  scarcely  probable.  The  polarization  of  the 
sky  may  have  some  influence,  and  if  this  is  dueto  the  light  reflected 
from  the  earth  beyond  the  limits  of  the  shadow,  would  depend  on 
the  sun's  altitude,  and  whether  the  illuminated  surface  were  land 
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or  water  The  polarization  may  be  very  slight,  and  hence  not  per- 
ceptible with  some  of  the  instruments.  A  series  of  experiments 
are  now  being  conducted  in  the  Physical  Laboratory  of  this  Insti- 
tute by  Mr.  W.  O.  Eoss,  to  compare  the  delicacy  of  different  polar- 
iscopes,  and  to  show  how  small  a  proportion  of  polarized  light  each 
will  show.  It  seems  scarcely  possible,  however,  that  the  marked 
polarization  described  by  Prazm.owski  and  Winter  could  have  es- 
caped any  observer.  If  the  corona  is  polarized  radially,  each  image 
in  an  Arago's  polariscope'should  be  of  uniform  tint  throughout  any 
diameter  but  of  complementary  colors  in  diameters  at  right  angles. 
Thus,  if  in  one  the  N".  and  s,  parts  were  red,  the  E.  and  w.  parts 
would  be  green,  while  these  colors  would  be  reversed  in  the  other 
image.  So  marked  an  effect  could  scarcely  have  been  passed  unno- 
ticed by  the  four  observers  who  used  this  instrument,  had  the  po- 
larization been  intense.  We  must  therefore  regard  it  as  beyond 
the  power  of  this  instrument,  although  it  might  still  be  detected  by 
a  Savart's  polariscope,  which  is  much  more  delicate.  Arago  and 
Mauvais  appear  to  be  the  only  ones  who  detected  polarization 
within  the  moon's  disk,  while  Prazmowski  and  Winter  obtained 
precisely  opposite  results  as  regards  the  comparative  intensity  of 
the  polarization  in  the  bright  and  faint  parts  of  the  corona.  Our 
knowledge  then  of  this  subject  is  still,  therefore,  very  limited,  and 
further  observations  are  much  to  be  desired. 
Mass.  Institute  of  Technulogy,  Oct.  29th,  1870. 


ON  A  BLOW-PIPE  ASSAY  WITH  THE  AUTOMATIC  AIR-BLAST. 

By  Le  Roy  C.  Coo  ley,  Ph.D. 

The  blow-pipe  furnishes  an  easy  means  of  detecting  the  presence 
of  precious  metals;  but,  for  reasons  shortly  to  appear,  its  use  has 
been,  for  the  most  part,  limited  to  this  purpose,  and  the  furnace  has 
been  resorted  to  whenever  a  determination  of  the  value  of  the  ore 
has  been  desired.  The  simplicity  and  elegance  of  the  blow-pipe 
assay  have,  however,  prompted  many  attempts  to  make  this  instru- 
ment take  the  place  of  the  furnace.  Systems  of  quantitative  analy- 
sis, with  it,  have  been  devised  by  Plattner  and  others,  which,  in 
the  hands  of  skilful  operators,  do,  doubtless,  give  satisfactory  re- 
sults, but  they  have  never  become  popular  with  assayers.  The 
objections  to  these  methods  do  not  spring  from  any  want  of  confi- 
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dciicii  ill  the  chemical  actions  involved — tliesc  are  satiHfactory — nor 
do  they  arise  IVoin  the  ;uii<;uiil  ol'  hihor  required,  for  thia  is  less 
than  that  of  the  I'linuutc  assay.  'JMie  objection  to  the  use  of  the 
blow-pipe  in  detenniniiig  the  value  of  ores  springs  from  the  neces- 
sity of  using  such  small  quantities  of  ore  that  the  silver  button  ob- 
tained is  too  minute  to  be  satisfactorily  valued.  Rarely  will  this 
button  be  large  enough  to  be  weighed ;  its  value  is  sought  by  mea- 
suring its  diameter  and  comparing  it,  with  that  of  another  button 
whose  value  is  known,  on  the  principle  that  spheres  are  to  each 
other  as  the  cubes  of  their  diameters.  Delicate  and  ingenious  scales 
have  been  devised  for  this  purpose.  But  even  if  we  allow  that 
these  minute  diameters  are,  in  any  case,  measured  with  sufficient 
accuracy,  yet  there  still  remains  the  fact  that  the  little  buttons  can 
never  be  exact  spheres,  and  it  may  well  be  doubted  whether  they 
ought  to  be  considered  as  being  truly  similar  solids. 

If,  then,  tbe  blow-pipe  is  ever  to  rival  the  furnace  in  assaying 
the  ores  of  the  precious  metals,  the  first  thing  to  be  secured  is  the 
ability  to  operate  with  it  upon  larger  quantities  of  material. 
For  this  purpose  a  larger  flame  must  be  obtained,  and  this  neces- 
sity requires  that  the  lips  of  the  assay er  be  relieved  from  the  fa- 
tigue of  furnishing  the  air-blast.  An  automatic  source  of  air  is 
indispensable.  If,  however,  the  proper  proportions  of  air  and  gas 
be  furnished,  it  is  no  more  difficult  to  produce  a  very  large  flame 
with  oxidizing  and  reducing  power,  at  will,  than  it  is  to  obtain  the 
ordinary  blow-pipe  flame  possessing  these  powers.  Such  a  flame 
once  obtained,  will  evidently  be  able  to  bring  about  the  proper 
chemical  reactions  in  a  large  mass,  with  as  much  elegance  and  accu- 
racy as  the  mouth  blow-pipe  flame  does  in  the  small  quantity  usu- 
ally employed,  and  with  much  less  labor  on  the  part  of  the  assayer. 

The  apparatus  lately  described  in  this  Journal  (October,  1870) — 
the  automatic  air-hlast  for  laboratory  purposes — furnishes  exactly 
the  kind  of  air-current  necessary  to  produce  the  desired  flame. 
With  a  Bunsen  blow-pipe,  provided,  as  it  is,  with  an  air  jet  in 
addition  to  the  ordinary  gas  jet  and  collar  of  the  common  Bunsen 
burner,  and  with  this  automatic  blast,  gentle  or  strong  at  will,  but 
always  steady,  the  assayer  has  such  complete  control  over  the  pro- 
portions of  air  and  gas  in  his  flame  that  he  is  able  to  regulate  its 
heating,  oxidizing  and  reducing  power  at  his  pleasure.  With  a 
flame  so  reliable  in  these  respects,  and  at  the  same  time  so 
large  as  this  one  may  be  made,  the  assayer  is  able  to  scorify  and 
Vol.  LXI. — Third  Series. — No.  1.— January,  1871.  9 
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cupel  a  quantity  of  ore  quite  as  large  as  would  be  taken  for  the  fur- 
nace assay.  The  ordinary  scorifying  dishes  and  cupels  of  the  fur- 
nace assay  are  used,  and  the  same  proportions  of  assay  lead  and 
fluxes  may  be  employed. 

The  heat  of  the  flame  is  suf&ciently  intense  to  keep  the  scorifyer 
and  cupel  in  a  glow  without  assistance  from  other  sources,  but  if 
these  vessels  are  placed  over  the  flame  of  a  laboratory  lamp,  its  heat 
will  facilitate  the  operation  by  allowing  the  energies  of  the  blow- 
pipe to  be  directed  more  exclusively  to  the  chemical  actions  which 
it  is  required  to  produce.  Moreover,  if  the  supply  of  water  and  gas 
is  abundant,  a  blow-pipe  with  two  or  three  jets  can,  doubtless,  be 
made  and  fed,  whereby  as  many  assays  may  be  simultaneously  con- 
ducted. 

That  the  accuracy  of  this  blow-pipe  assay  is  quite  equal  to  that 
of  the  furnace  assay,  has  been  found  by  repeated  comparison  of 
results  obtained  from  the  same  ore  by  the  two  methods.  Indeed, 
the  accuracy,  neatness  and  simplicity  of  the  method,  together  with 
the  cheapness  of  the  apparatus  required,  seem  to  justify  this  public 
description,  and  the  hope  that  it  will  not  be  entirely  unwelcome. 


THE  SUN. 

(A  course  of  five  lectures  before  the  Peabodj'  Institute  of  Baltimore,  January,  1870. ) 

By  B.  a.  Gotjld. 
(Continued  from  Vol.  LX.,  page  423.) 

Now,  as  for  the  spots.  It  is  said  that  seven  cities  contended  for 
the  honor  ot  having  given  birth  to  Homer.  Almost,  if  not  quite, 
as  many  claim  the  invention  of  the  telescope, — -yet  there  is  small 
room  for  doubt  that  the  first  published  account  of  such  an  instru- 
ment was  in  Holland,  in  October,  1608,  and  that  the  knowledge  of 
its  existence  found  its  way  only  gradually  through  Europe,  rumors 
of  its  existence  meanwhile  stimulating  to  independent  inventions  of 
the  same  wonderful  contrivance. 

No  sooner  had  this  new  implement  of  research  been  turned  upon 
the  sun  than  it  of  course  revealed  the  spots  conspicuously  to  the 
observer.  It  is  related  that  at  a  yet  earlier  date,  the  existence  of 
solar  spots  had  been  known  to  the  Chinese  and  to  the  Peruvians, 
and  that  one  of  the  ancient  Incas  had  not  scrupled  to  express  his 
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doubts  as  to  the  divinity  <j("  the  sun,  after  .seeing  a  large  .spot  upon 
his  face.  But  our  first  authentic  accounts  of  them  come  from  John 
Fabrieius,  a  native  of  Fric.sland,  who  had  a  iJutch  telescope  at  Wit- 
tenberg, with  which  he  di.scovered  a  .solar  spot  as  early  as  Febru- 
ary, 1611.  In  June  of  that  year  he  published  a  little  treatise*  about 
them,  and  showed  that  they  moved  round  the  sun.  Not  more  than 
a  couple  of  months  later,  Schciner,  at  Ingolstadt,  of  whom  I  have 
already  spoken,  and  who  was  the  first  to  avail  himself  of  colored 
shade-glasses,  also  saw  them  ;t  and  about  the  same  time,  probably,  or 
a  little  later  still,  Galileo  at  Florence  found  them  likewise.  :*;  A  sharp 
discussion  arose  between  Galileo  and  Scheiner,  as  to  the  priority 
of  discovery  ;  but  it  seems  pretty  clear '|  that  each,  without  know- 
ledge of  their  detection,  either  by  the  other,  or  by  Fabrieius,  had 
discovered  the  spots  as  early  as  April  or  Ma}^  1611.  The  an- 
nouncement that  even  the  sun,  the  fountain  of  light,  was  not  without 
its  blemishes,  was  received  with  general  incredulity.  §  Scheiner 
did  not  venture  to  publish  his  results  otherwise  than  anonymously 
— "  not  wishing,"  as  he  afterwards  said,  "  to  connect  his  name  with 
a  matter  so  unexpected,  and  to  many  so  suspicious."  Even  eight 
years  after  the  publications  of  Scheiner  and  Galileo,  a  French  priest, 
Jean  Tarde,  undertook  to  prove "j"  that  the  spots  were  simply  plan- 
ets, revolving  around  the  sun,  and,  in  that  spirit  of  adulation  which 
is  not  yet  extinct,  he  baptised  them  the  "  Bourbon  Stars."  They 
could  not  be  spots,  he  said,  for  the  sun — the  eye  of  the  world — could 
not  have  the  ophthalmia !" 

To  explain  the  phenomena  of  the  spots,  Domenic  Cassini,  the 
same  astronomer  whose  determination  of  the  sun's  parallax  was 
mentioned  in  the  last  lecture,  suggested*^  in  1671  that  the  sun's 
surface  must  be  an  ocean  of  light,  surrounding  the  dark  solid 
central  body  of  the  sun,  and  whose  tunlultuous  agitation  sometimes 
discloses  some  mountain  summit,  which  appears  as  the  black  nu. 
cleus  of  the  spot.     This  suggestive  idea   formed,  however,  only 

*  Nar ratio  de  Maculis  in  Sole  observotis.     Wiltenberg,  1611,  June  4.     5  pp.  qto. 

■f  Apelles  latens  post  tabulam,.     (Three  letters  to  ilark  Welser.)  1612,  Aug.  5. 

j  Discorso  iniorno  alle  Cose  que  stanno  in  Acqua.     Florence,  1612. 

II  See  Arago.     Annaire  pour  Van,  1842,  p.  465. 

§  Winnecke,  "  Ueber  die  Sonne,"  p.  11,  states  that  there  is  evidence  that  both  the 
Chinese  and  the  Peruvians  have  recorded,  at  an  earlier  date,  the  existence  of  spots 
visible  to  tlie  naked  eye. 

*[  Borbonia  Sidero,  etc.     "Weidler.  Hint.  Astron.  p.  623.     Kosmos,  III,  408. 

**Delambre.  Hist,  de  V Astron.  Moderne,  I,  387. 
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a  first  step  toward  the  solution  of  the  problem — the  honor  of  which 
belongs  to  a  Scotch  astronomer,  Prof.  Alexander  Wilson,  of  Glas- 
gow, one  hundred  years  later.  Wilson  observed*  that  the  penum- 
bra, or  grayish  border,  which  surrounds  the  dark  nucleus,  and  which 
is  generally  of  about  equal  width  on  all  sides  when  the  spot  is  near 
the  middle  of  the  sun's  disk,  always  became  narrower  on  the  side 
nearest  to  the  middle  of  the  sun,  when  the  spot  approached  the  cir- 
cumference. Hence,  he  inferred,  in  1773,  that  the  spots  were  funnel- 
shaped  apertures  in  the  luminous  envelope,  which  disclosed  the  dark 
body  of  the  sun  at  the  bottom,  and  whose  shelving  sides  constituted 

the  penumbra.  A  moment's  iuspection 
of  the  diagram  will  show  how  such  an 
aperture  would,  at  the  middle  of  the 
disk,  exhibit  the  full  size  of  the  nu- 
cleus, D.  E.,  and  an  equable  border,  rep- 
resented by  the  apparent  breadth  at  c.  D. 
and  E.  F.  of  the  inclined  sides  of  the 
opening ;  but  that  when  it  is  nearer 
the  circumference,  as  at  A.  B.  or  g.  h., 
the  nearest  side  becomes  foreshortened,  as  does  also  the  nucleus, 
though  to  a  less  extent,  while  the  farthest  side  of  the  aperture  is 
presented  much  more  fully  to  the  view. 

If,  therefore,  the  appearances  be  as  stated  by  Wilson,  the  inference 
seems  irresistible  that  the  spots  are  openings  in  the  glowing  envel- 
ope of  the  sun.  This  view  was  long  accepted  without  doubt,  but  it 
has  in  recent  years  been  called  in  question  ;  and  to  make  sure  of 
the  facts  in  the  case,  the  Directors  of  the  Kew  Observatory  have 
carried  out  an  extensive  examination  of  all  the  drawings  and  pho- 
tographs of  solar  spots  which  they  could  make  available.  They 
had  a  valuable  series  of  drawings  and  measurements  made  by  Car- 
rington  in  England,  and  extending  over  nearly  seven  and  a  half 
years,  all  on  a  scale  of  one  foot  to  the  sun's  diameter ;  they  had  the 
magnificent  collection  of  drawings  made  during  forty  years  by 
Schwabe,  in  Germany  ;  and  furthermore,  a  series  of  photographs 
taken  under  M.  De  La  Kue's  superintendence,  during  nearly  four 
years.  Applying  to  these  materials  the  statistical  method,  which 
is  eminently  adapted  for  an  investigation  where  so  large  numbers 
are  available,  and  measuring  the  relative  dimensions  of  the  penum- 
bra on  each  side,  they  obtained  the  following  results  : — Considering 
*PhiL  Trans.     1774.     LXIV,  Pt.  1,  p.  6. 
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tho  sjiots  only  willi  luifnroncc  to  tlicir  iionion  .,  ii;jht  and  left  of 
llio  (uMitnil  inciitliaii  lino  of  tlio  sun,  tlnty  (oiin<l,  out  of  <>0o  cases, 
only  71  in  wliidi  tin;  |)(;nunii)i:i  was  widest  (jii  tlic  outer  .side; 
while  out  oC  .SI)  spots  uicasiired  with  i-f.-fcnuico  to  tlioir  position 
north  Of  south  oC  tlu!  sun's  (^[uatoi-,  th(;r(j  wore  but  17  which  failed 
to  exhibit  tli(!  same  conl'oiinity  with  Wilson's  theory.  This  enor- 
mous pi'cponderancc  of  observations  in  its  favor  must  be  regarded 
as  tloing  much  toward  settling  thequestion  ;  and  we  must  infer  that 
of  those  few  cases  which  do  not  ap{)ear  to  support  this  thc(;ry,  the 
explanation  is  to  be  Ibund  in  an  actual  inequality  in  the  width  of 
the  j)cn umbra  on  the  two  sides,  too  great  for  the  marginal  fore- 
shortenings  to  counterbalance.  Mr.  De  La  Rue  Las  also  suggested 
the  use  of  the  stereoscope  for  deciding  whether  the  spots  are  actu- 
ally cavities  or  depressions.  Photographs  of  the  spots,  taken  at 
dift'erent  moments,  with  an  interval  sufficient  to  present  them  in  an 
appreciably  different  position,  give,  when  viewed  in  the  stereoscope, 
an  unmistakable  appearance  of  indentations.  But  this  argument, 
although  a  strong  one,  can  hardly  be  deemed  conclusive,  inasmuch 
as  our  senses  are  often  trickey  guides,  and  things  are  not  always 
what  they  seem.  A  stronger  evidence  of  the  sort  is  afforded  by  a 
photograph  of  the  Kew  series,  which  exhibits  a  notch  in  the  cir- 
cumference of  the  sun  corresponding  to  the  point  of  disappearance 
of  a  spot.* 

But  wh}'  should  the  sloping  side  of  such  a  cavity  manifest  that 
diminution  of  the  solar  lustre  which  the  penumbra  exhibits?  Be- 
cause the  darker  body  of  the  sun  would  be  partially  seen  through, 
would  be  our  first  reply ;  but  a  moment's  thought  will  show  that 
were  this  the  true  explanation,  the  penumbra  would  exhibit  dif- 
ferent degrees  of  luminosity,  and  shade  gradually  away  from  full 
brightness  at  its  circumference  to  darkness  at  its  inner  margin. 
This  is  not  the  appearance,  but,  on  the  contrary,  the  boundaries  of 
the  penumbra  are  sharply  and  distinctly  defined,  and  its  color  is 
tolerably  uniform  throughout.  To  meet  this  difficulty,  the  German 
astronomer,  Bode,t  assumed  a  second  envelope,  of  a  cloudy  nature, 
supported  by  an  atmosphere,  and  situated  between  the  true  body  of 
the  sun  and  the  photosphere,  as  the  outer  light-giving  envelope  is 
called.  The  refection  of  the  photosphere  from  the  surface  would 
account  for  all  the  light  of  the  penumbra,  while  the  nucleus  of  the 

*  Comj>tes  Rendus,  LXVII,  ICOU. 

f  Beschaft.  d.  Berliner  Gesellsch,  etc.,  II,  237  ;  Kosinos  III,  410, 
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spot  would  be  the  body  of  the  sun,  as  seen  through  the  opening  in 
this  second  envelope.     The  structure  would  then  be  as  represented 

in  this  diagram,  where  A.  b. 
represents  the  bright  outer 
envelope,  and  c.  D.  the  inter- 
mediate one,  shining  only  by 
reflected,  light  and  screening 
the  dark  body  of  the  sun, 
E.  G.,  excepting  at  the  point 
F. 

ACE  G  D  B         Twenty  years   later,  when 

the  great  William  Herschel  came  to  study  these  phenomena,  he 
arrived  at  results*  essentially  the  same  as  those  of  Bode ;  but  he 
added  the  idea  that  the  transparent  elastic  atmosphere,  in  which 
the  stratum  of  clouds  must  be  suspended  at  a  height  of  some  thou- 
sands of  miles,  likewise  supported  and  extended  beyond  the  photo- 
sphere. And  to  the  action  of  this  elastic  fluid  of  unknown  nature 
he  attributed  various  phenomena  observable  at  this  outer  surface. 
Emanating  from  the  true  surface  of  the  sun,  this  gaseous  atmosphere 
streamed  upward,  displacing  the  material  of  the  surrounding  cloudy 
stratum  and  of  the  thinner  photosphere.  It  is  a  curious  fact  that  a 
hypothesis  almost  identical  with  this  theory  of  Herschel  had  been 
propounded  as  early  as  the  middle  of  the  fifteenth  century,  before 
the  existence  of  the  spots  was  known  to  astronomers;  yet  this  must 
be  regarded  rather  as  a  fortunate  guess  than  as  a  scientific  theory, 
for  the  evidence  by  which  alone  this  view  can  be  supported  was  not 
then  known. 

The  general  aspect  of  solar  spots  will  be  seen  from  the  repre- 
sentations in  Plate  Il.f  Theirregularityof  their  outlines  almost  defies 

*  Philos.  Trans.     1795  ;   1801,  pt.  2,  pp.  270,  318. 

f  This  Plate  is  an  actual  photographic  reproduction  from  a  series  of  negatives, 
made  by  Mr.  L.  M.  Rutherfurd,  of  New  York,  showing  the  changes  undergone  by 
a  remarkable  spot  on  seven  consecutive  days 

The  exact  dates  of  the  series  of  pictures  given  in  Plate  II,  are  as  follows : 

1  September  19tb,  1870 9h  -Oem -los.     2". 

2  "  20  " 9  -00  -00  g- 

3  "  21  " 15  -00  -00  S 

4  "  22  "      9  -52  -10  £■ 

5  "  23  '• 9  -27  -50  H 

(i  "  24  "     11  -44  -65  3 

7  "  26  "     8  -26  -30  -"^ 

Between  6  and  7  the  interval  is  of  two  days,  the  intervening  one  having  been 
cloudy.  The  black  line  on  5  gives  the  true  east  and  west  direction,  which  is  the 
same  in  all. 

The  preparation  of  this  plate  was  as  follows  : — Enlarged  positives  on  glass  were 
made  from  the  7  original  negatives,  and  the  required  portions  were  cut  out  with  a 
diamond  in  rectangular  plates.  These  were  then  set  together  in  order,  and  nega- 
tives were  made  from  them,  which,  with  strips  of  paper  to  cover  the  irregular 
marks  produced  at  the  lines  of  junction  in  the  composite  positive,  were  used  in 
printing  the  necessary  edition  of  this  plate. — Eds. 
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tIo8crii)tiuii,  ami  it  imiMt  Ur  rcim-tiibcml  llial  llii.i  oiilline  in  utj<lcr- 
going  cuntiiiiml  (;liui)go. 

Tlio  oiKjriiKnis  iiuigniluil";  of  Hutiic  mjxjIh  )iu.h  boun  alrca<ly  men- 
tioned— luigo  chasiMS,  wliich  cover  an  area  of  Morne  two  billionH  of 
siinare  miles,  and  whose  moutiis  would  receive  at  onco  forty  or  fifty 
globes  as  largo  as  our  earth.  Tljcir  continual  and  rapid  changi;M  of 
form  and  size  make  it  peculiarly  difllcult  to  settle  many  inlereuling 
qucsti«)ns  concerning  them,  but  decided  indications  of  rotary  motion 
have  been  observed  in  many  of  them,  wiiich  would  im[>ly  that,  to 
some  extent  at  least,  they  were  turning  like  liuge  wiiirlpoolsaround 
their  own  centres.  The  nucleus — although  we  speak  of  it  as  black, 
and  although  it  appears  intensely  so  in  contrast  with  the  glowing 
radiance  of  the  surrounding  portions — is  in  itself  by  no  means  de- 
void of  brightness.  Ilerschel  endeavored  to  estimate  the  compara- 
tive light  from  the  penumbra  and  nucleus,  and  came  to  the  con- 
clusion that  the  penumbra  possessed  in  general  about  47  per  cent., 
and  the  nuclues  about  /oihs  of  1  per  cent,  of  the  luminous  power 
of  the  solar  surface.  More  recently,  Chacornac  has  arrived  at  not 
dissimilar  results,  and  it  has  been  well  said  by  Winnecke*  that, 
were  the  light  of  the  whole  sun  to  be  extinguished,  excepting  that 
portion  radiating  from  the  nucleus  of  a  spot,  our  eyes  would  scarcely 
be  able  to  endure  the  dazzling  beams.  Herschers  estimate  has  gen- 
erally been  regarded  as  too  low,  yet  it  would  give  to  the  dark  nu- 
cleus of  a  spot  a  luminous  intensity  nearly  2500  times  greater  than 
that  of  the  full  moon.  When  Schwabe  observed  the  transit  of 
Mercury,  in  1832,  he  ^vas  astonishedf  at  the  blackness  of  the  planet 
as  seen  against  the  nucleus  of  a  spot  as  a  background.  But  a  late 
English  observer,  Mr.  Dawes,  has  pointed:};  out  that  even  in  the 
nucleus  there  are  often  places  blacker  than  the  rest,  and  for  these 
lie  would  reserve  the  name  nucleus  :  calling  the  other  portion  only 
by  the  name  umbra,  or  shadow.  Perhaps  it  may  be  needless  to 
mention  that,  to  account  for  this  appearance,  still  another  solar  en- 
velope was  summoned  into  existence,  in  the  same  way  that  one  had 
been  improvised  for  each  of  the  preceding  grades  of  brightness  ob- 
served ;  and  in  the  new  theory  what  is  seen  as  the  umbra  becomes 
a  third  envelope,  while  the  darker  points  observed  in  it  are  to  be 
regarded  as  the  true  body  of  the  sun. 

(To  be  continued.) 

*  Ueber  die  Sonne,  p.  31. 

t  See,  also,  Astron.  yaehr.,  LXIT,  130. 

X  Monthly  Xoiices,  R.  Astr.  Soc,  XXIV,  36,  57. 
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The  American  Journal  of  Science  and  Art. — This  journal,  the  old- 
est of  American  serials  devoted  to  Science,  closes  its  first  century 
of  volumes  with  the  current  year,  and  the  proprietors  announce  that 
it  will  hereafter  be  continued  as  a  Monthly  Journal.  "We  believe 
this  change  is  a  wise  step  on  the  part  of  our  esteemed  contempo- 
rary, as  it  affords  authors  opportunity  for  a  more  rapid  announce- 
ment of  the  results  of  research,  and  a  more  frequent  interchange 
of  ideas ;  Avhile  its  readers  will  be  so  often  reminded  of  the  exist- 
ence of  the  journal  that  they  will  always  have  it  in  mind.  From 
1818  to  1846  this  now  venerable  journal  was  a  quarterly,  to  the  end 
of  its  first  series  of  fifty  volumes.  It  then  became,  with  the  acces- 
sion of  Prof  Dana,  a  bi-monthly,  and  has  so  continued  until  now, 
its  November  number,  1870,  closes  the  second  series  and  the  first 
century  of  volumes.  Its  proprietors  have  not,  we  are  well  assured, 
mistaken  the  wishes  and  feelings  of  the  many  scientific  workers  and 
teachers  in  this  country,  in  their  proposed  more  frequent  visits  to 
the  libraries,  cabinets,  laboratories  and  workshops  of  Science.  The 
great  body  of  its  original  readers  have  passed  away  with  its  vene- 
rated Founder,  but  their  numbers  in  the  country  at  large  have  been 
made  good  many  fold  with  the  increase  of  wealth  and  population, 
and  all  should  be  among  the  subscribers.  Silliman's  Journal  has, 
from  its  commencement,  been  the  leading  vehicle  for  the  original 
papers  of  American  scientists,  and  we  feel  well  assured  that  the 
friends  and  patrons  of  Science  will  take  pleasure  in  promoting  the 
wider  circulation  of  a  journal  which  is  indispensable  to  all  who 
would  keep  up  with  the  progress  of  this  country,  and  which  has 
done  so  much  to  promote  the  cause  of  Science,  and  to  advance  our 
national  reputation.  The  opening  of  a  new  series  in  monthly  parts 
should  remind  all  that  now  is  a  favorable  occasion  for  commencing 
a  subscription.  It  is  published  by  Messrs.  Silliman  &  Dana,  New 
Haven,  at  six  dollars  a  year. 
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ITEMS  AND  NOVELTIES. 

Illinois  and  St.  Louis  Bridge.— In  Col.  Eads'  report  we  have  a 
full  description  of  the  Ice  Breakers,  wliicli  it  was  found  necessary  to 
construct.  AVe  infer  from  it  likewise  the  inference  that  its  con- 
struction was  coupled  with  unusual  difficulties.  He  says :  "  The  late- 
ness of  the  season  when  the  sinking  of  the  east  pier  commenced, 
made  it  absolutely  necessary  to  provide  some  adequate  protection 
for  the  requisite  boats,  machinery,  &c.,  at  the  site  of  the  pier,  against 
the  heavy  floating  ice  which  invariably  makes  its  appearance  here 
during  the  winter. 

The  freezing  over  of  the  river  at  St.  Louis  is  not,  however,  an 
invariable  rule,  as  it  does  not  occur,  perhaps,  oftener  than  three  in 
every  four  years  on  an  average.  Last  winter  was  fortunately  an 
exception  to  the  rule.  For  several  days,  however,  the  floating  ice 
was  so  heavy  and  compact  that  it  was  with  the  utmost  diflSculty 
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that  the  most  powerful  steam  ferry  boats,  built  expressly  to  meet 
such  contingencies,  could  force  a  passage  through  it.  One  or  two 
trips  across  during  an  entire  day,  being  all  that  they  could  accom- 
plish, frequent  attempts  in  the  meantime  proving  abortive. 

To  establish  in  mid-channel  any  temporary  works  to  withstand 
an  clement  so  apparently  resistless,  and  of  such  exhaustless  volume, 
■was  an  untried  experiment  on  the  Mississippi  that  presented  several 
very  discouraging  features.  The  two  chief  difficulties  were  first,  to 
place  any  construction  above  the  pier  that  would  not  be  quickly 
scoured  out  by  the  current,  and  second,  to  make  such  construction 
so  strong  as  to  resist  the  power  of  the  ice  to  sweep  it  away." 

The  difficulty  was,  nevertheless,  after  great  labor,  successfully 
met  by  the  construction  of  a  triangular  system  of  piles,  which  were 
protected  from  the  direct  impact  of  the  ice  by  enormous  ice-aprons, 
which,  presenting  an  inclined  surface  to  the  ice,  rendered  it  harm- 
less, the  ice  sliding  up  on  it,  and  breaking  to  pieces,  as  the  soil  is 
treated  by  the  plough-share.  This  structure,  the  report  further  in- 
forms us,  sufficed  to  completely  turn  the  ice  during  winter,  and 
made  a  thorough  protection  to  the  works  and  barges  about  the 
pier. 

Triangular  Suspension  Bridge. — We  place  before  our  read- 
ers in  this  issue  a  plate  illustration  of  the  plan  of  a  triangular  sus- 
pension  bridge.  The  principle  involved  in  this  bridge  will  be 
readily  comprehended  by  an  examination  of  Figs.  4  and  5.  In 
Fig.  4  p  0  0  p'  represents  the  cable  of  the  usual  suspension  bridge. 
B  b'  the  roadway.  When  any  extra  weight  is  brought  upon  the 
bridge  at  any  point  as  n^  the  roadway  at  that  point  is  depressed, 
say  to  n\  the  point  p  descending  to  p'^  from  the  points  c  and  d  to 
each  end,  the  roadway  is  elevated,  between  the  points  it  is  depressed. 
The  cables  tend  to  the  lines  7  p'  and  p'p',  while  the  roadway 
tends  to  assume  the  form.  'Q  e  dn'  c^'.  This  variation  in  the  forms 
of  the  cable  and  roadway  lines  moves  from  point  to  point  along 
with  the  extra  weight.  To  obviate  this  a  heavy  truss  is  generally 
used.  Now,  in  Fig.  5,  if  the  weight  be  transmitted  in  a  vertical 
line  to  p,  thence  in  straight  lines  to  p  and  p',  there  can  be  no  de^ 
pression.  The  roadway  will  remain  firm.  This  principle  of  trans^ 
mitting  the  weight  directly  and  in  straight  lines  to  the  points  of 
support  is  the  main  feature  of  this  bridge.  In  Fig.  1,  P  and  p'  are  tops 
of  piers,  W  w,  &c.,  main  chord  of  roadway,  Ws  W8,  &g.,  suspending 
rods  or  cables,  sp  and  sp'  tower  cables.   The  weight  Vr  transmitted 
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(llroctly  to  s  111  each  case,  tliciicc  «lir(!ctly  to  r  ami  !•'.  'J'o  keep 
the  cables  straight  the  inaiii  ones  or  and  oi*'  rest  on  the  tof)  of  huh- 
taining  rods  rs,  r.s,  &(;.,  ti^  which  the  minor  cables  arc  also  attached 
to  kecj>  them  straight  also.  Jlails  can  l^c  laid  on  the  transversal 
roadway  bearers  as  represented  in  Fig.  2.  n  being  elevation  of  the 
bearers,  the  rail  being  represented  in  section  resting  thereu[)on, 
with  supports  between  as  in  Fig.  3  ;  c  and  c  being  the  plan.  With 
proj)er  horizontal  bracing  a  train  of  cars  conld  be  run  over  tliis 
bridge  with  safety. 

The  cables  can  be  made  by  using  steel  wire,  or  parallel  flat  bars 
of  steel  or  wrought  iron.  But  it  is  not  intended  in  this  article  to 
indicate  any  peculiar  details  of  construction. 

There  would  be  great  gain  in  cases  where  the  main  cables  could 
be  constructed  partly  below  the  roadway,  so  as  to  shorten  o  w  as 
much  as  possible,  thus  lessening  the  angle  P  o  W. 

East  River  Bridge. — The  excavations  in  the  caisson  of  the 
East  River  Bridge  have  lately  been  progressing  through  a  bed  of 
stiff  plastic  clay.  The  accident  of  a  workman  having  ignited  a 
portion  of  the  wood  work — the  compressed  condition  of  the  air  in 
the  chamber  supported  the  combustion  with  an  energy,  which  placed 
the  ordinary  means  of  its  extinguishment  out  of  the  question — and 
seriously  imperilled  the  caisson.  The  men  were,  therefore,  allowed 
to  ascend,  the  operation  of  the  compressors  suspended  and  the  air 
within  the  chamber  allowed  to  return  to  its  normal  pressure.  It 
was  naturally  expected  that  when  this  had  been  effected,  the  pres- 
sure of  the  water  from  without  would  force  it  beneath  the  some- 
what raised  edges  of  the  chamber,  and  rapidly  fill  it.  To  their 
surprise  nothing  of  the  sort  occurred ;  but  the  chamber  remained 
as  free  from  water  as  when  the  compressors  were  in  operation. 
The  plastic  and  impervious  material  through  which  the  excavation 
had  been  for  some  time  progressing,  had  packed  itself  so  completely 
about  the  outer  shell  that  the  water  was  completely  excluded.  It 
was  found  necessary  to  extinguish  the  flames  to  call  into  requisition 
the  services  of  the  Brooklyn  fire  department. 

Blowing  out  Broken  Piles.— Four  piles  driven  for  the  "  Gush- 
ing Piers"  of  the  Connecticut  Biver  Bridge  on  the  Shore  Line  R. 
K.,  during  the  winter  of  1868-9  were  broken  off  by  ice,  and  after 
trying  various  plans  for  drawing  them  without  success,  the  engi- 
gineer,  Mr.  J.  Albert  Monroe,  succeeded  in  lifting  them  by  driving  a 
4-inch  gas  pipe  with  a  solid  steel  point,  well  down  beside  the  piles 
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by  means  of  a  sliding  ring  arrested  by  a  shoulder  on  the  tube,  and 
then  introducing  a  charge  of  four  pounds  of  powder  to  the  lower 
end  of  the  pipe  and  firing  it.  The  piles  were  at  once  thrown  out 
by  the  explosion. 

Self-oiling  Loose  Pulley. — This  invention  consists  of  a  po- 
rous wooden  bush,  b,  secured  oil-tight  in  the  chambered  hub  of  a 
loose  pulley.  The  fast  hub,  d,  is  recessed 
to  receive  the  bush,  and  the  other  end  of 
bush  is  held  by  the  counter  hub,  c,  which  is 
fastened  to  chamber  by  bolts. 

The  bore  of  hub  and  bush  are  the  same, 
and  fit  the  shaft  in  the  ordinary  way. 

The  cavity  A  is  charged  with  oil  through 
the  screw  plug  hole,  F,  and  there  is  no  escape 
for  it  except  through  the  pores  of  the  wood. 
The  more  volatile  parts  of  the  oil  being  held 
in  an  air-tight  cavity,  are  therefore  retained, 
and  the  oil  is  preserved  thin  and  limpid  for 
a  great  length  of  time. 


This  arrangement  was  patented  by  J, 
Goodrich  and  H.  J.  Colburn,  May  4,  1869, 
and  is  shown  by  Fig.  1. 

Fig.  2  represents  another 
form  of  self- oiling  loose  pulley, 
the  patent  of  W.  W.  Crane. 
June  4,  1867. 

In  the  chambered  hub  is 
placed  the  metallic  bush,  d, 
bored  through  and  through  to 
fit  the  shaft,  and  fitted  tightly 
at  its  ends  to  the  bored  ends 
of  the  pulley  hub.  To  each 
end  is  secured  a  ring,  c,  with 
conical  central  hole. 

The  oil  chamber,  a,  is  filled 
through  the  screw  plug,  F,  and 
.  reaches     the     shaft     through 

openings  drilled  in  the  bush.  J.  H.  c. 

Tinning  of  Iron,  &c.— We  append  below  an  account  of  a  pro- 
cess for  tinning  copper,  brass  and  iron  at  the  ordinary  temperature, 
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.'111(1  willioiit,  ihc  assistance  of  incclianic'il  devices.  The  [)aj)er  a|>- 
pears  in  Dirif/lcr^s  Poh/lcchni.tc/ir.i  Journal,  aii'i  is  from  the  pen  of 
r\St()ll).'i,  an  indefati^altlo  \voi-k<!r  in  tlio  field  of"  leclinical  chemistry. 
It  is  first  necessary  to  thoroughly  cleanse  the  surface  to  be  tinned, 
which  may  be  accomplished  cither  by  the  ordinary  mechanical 
process  of  turning  or  by  chemical  means,  care  being  taken  to  re- 
move any  trace  of  grease. 

The  efficiency  of  his  plan  de[)ends  entirely  uf)on  a  chemical  prin- 
ciple, namely,  the  reduction  of  a  salt  of  tin,  to  the  metallic  state  by 
a  more  electro-positive  metal.  The  reduced  tin  is  deposited  all 
over  the  surface  to  be  coated  in  a  highly  divided  state,  and  is  sub- 
sequently made  to  adhere  strongly  and  to  assume  a  fine  polish  by 
friction.  The  substances  employed  are  finely  pulverized  zinc  and 
a  carefully  prepared  solution  of  protochloride  of  tin  (readily  formed 
by  treating  an  excess  of  tin  with  hydrochloric  acid),  to  which  has 
been  added  a  trifling  amount  of  bi-tartrate  of  potassa.  The  surface 
to  be  coated  is  first  entirely  moistened  with  the  tin  solution,  with 
the  aid  of  a  sponge  or  other  suitable  material,  and  directly  afterward 
some  of  the  zinc  powder  is  similarly  taken  up  and  rubbed  upon 
it.  The  tin  is  reduced  by  simple  substitution.  The  zinc  robbing 
the  tin  of  its  chlorine,  and  the  metal  thus  separated  depositing  itself 
in  a  state  of  the  finest  division  all  over  the  surface  of  the  object  thus 
treated.  When  the  tinning  is  satisfactorily  accomplished,  the  sur- 
face is  washed  with  water  and  finally  polished  with  chalk  powder. 

A  new  Lens. — At  the  last  meeting  of  the  Optical  Section  of  the 
Institute,  the  feature  of  the  evening  was  the  first  exhibition  of  lens 
of  peculiar  combination  and  construction,  designed  by  a  member 
of  the  Section,  Mr.  Jos.  Zentmayer,  the  well-known  optician,  ex- 
pressly for  use  with  the  gas  microscope.  The  object  upon  w^hich 
the  designer  has  bestowed  especial  care  has  been  to  obtain  in  prac- 
tice the  largest  possible  aperture  with  the  best  equalized  field. 

In  order  to  meet  the  case  the  lenses  in  the  combination  are 
placed  in  such  positions  as  to  transmit  the  rays  as  nearly  normal 
as  possible  to  the  surface  of  each  member  of  the  group.  The  per- 
formance of  the  new  lens  was  tested  by  comparison  with  that  of  an 
excellent  Zentmayer  lens  of  the  ordinary  construction.  The  power 
of  the  new  lens  was  equal  to  1|',  with  a  full  aperture  of  |'  (a  relation 

which  could  be  expressed  by  ^77^7),  while  the  other  possessed  the 
same  powder  with  ^'  aperture  K  j.     The  quantity  of  light,  there- 
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fore,  received  by  the  two  lenses  would  be  represented  by  the  ratio 
of  49  :  16  or  about  3  :  1.  The  comparison  was  instituted  with  the 
game  objects  under  the  same  conditions;  the  results  are  therefore 
reliable,  and  we  are  pleased  to  say  fully  met  the  expectations  which 
had  been  formed  of  them.  The  image  formed  by  the  new  lens  pos- 
sessed nearly,  if  not  quite,  three  times  the  brightness  of  the  other, 
while  the  deviation  from  perfect  flatness  of  field  was  inappreciable. 
On  a  cheap  form  of  Voltaic  Decomposition  Apparatus.* 
The  decomposition  tube  devised,  I  believe,  by  Dr.  Hofman,  and  de- 
scribed at  p.  oO  of  his  "  Modern  Chemistry,"  is  an  extremely  ele- 
gant and  luxurious  piece  of  apparatus  for  showing  analysis  of  bodies 
by  electricity ;  but  it  has  two  defects,  viz :  that  it  is  expensive  to 
begin  with,  and  very  easily  broken,  either  during  its  carriage  or 
by  the  mischances  of  the  laboratory  assistant.  Experience  of  the 
fragile  character  of  these  tubes  led  me  to  make  a  more  substantial 
apparatus,  which,  while  it  has  the  advantage  of  the  ordinary  tube. 
can  be  fitted  up  in  any  laboratory  for  a  few  shillings.  The  following 
is  a  description  of  the  arrangement : 

A  is  a  common  pomade  bottle,  into  which  is  fitted  an  india-rubber 
stopper,  B,  perforated  with  five  holes  (two  large,  two  small,  and  one 

medium  size.)      Though  the  two 
large  holes  of  the  stopper  pass  two 
glass  tubes,  c  c,  of  about  f -inch 
diameter  and  7  or  8  inches  length. 
Each  of  these  tubes  is  closed  at  the 
top  by  an  india-rubber  stopper  car- 
rying a  piece  of  ^-inch  glass  tube, 
to    which    is   attached  a    jet  and 
pinch-cock,  H.     The  electrodes  are 
made  as  follows : — A  piece  of  thick 
platinum  wire  is  beaten  out  at  one 
end  to  form  a  flat  plate,  and  is  then 
threaded  through  a  piece  of  glass 
tubing  rather  shorter  than  itself.. 
AVhen  this  is   done,  the  glass,  is-. 
melted  on  to  the  platinum,  and  the., 
tube,  with  its   contained  wire,  is., 
bent  in  the  form   of  the  letter  J 
A  second  pieee  of  wire  and  tube  is  treated  similarly  to  form  the 
■*  From  the  Chemical  News,  communicated  by  the  Editor. 
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second  cloctnjfh".  When  tli(;s(;  ;uc  in.'i'lo,  tlicy  arc  passed  through 
the  two  small  holes  of  tlio  stopper,  H,  and  project  above  it,  as  rep- 
resented at  I)  I).  The  electrodes  are  turned  so  that  tliey  may  pass 
u[i  into  the  tubes,  o  c.  To  the  remaininf^  hole  of  the  stoj)j)cr  is 
(iltcd  a  lube,  i;,  (ujunectcd  with  a  piece  of  <;aoutcliouc  tubing  with 
a  funnel,  F,  su])ported  on  the  ring  (;f  a  retort  stand.  'J'hc  apfjaratus 
is  now  complete,  and  when  the  stopper  with  its  a{)pendages  is  fitted 
into  the  pomade  bottle,  is  all  ready  for  charging.  Tliis  is  done  by 
pouring  the  acidulated  water  or  other  electrolyte  into  the  funnel, 
F,  at  the  same  time  opening  the  pinch-cocks  to  allow  the  air  to 
escape.  When  the  bottle  and  tubes  are  full,  the  pinch-cocks  are 
closed,  and  all  is  ready  for  attaching  the  battery  to  the  electrodes 
at  D  D.  I  omitted  to  mention  that  the  tubes,  c  c,  may  be  conveni- 
ently steadied,  should  this  be  necessary,  by  tying  them  against  a 
cork  wedge,  as  represented  at  g.  C.  J.  Woodward,  B.Sc. 

Compressed  Air  as  a  Motor. — In  an  able  paper  by  Mr.  J.  F, 
Haskins,  appearing  in  the  EiKjineering  and  Mining  Journal^  we 
glean  some  interesting  statements  concerning  the  history  of  this 
subject.  Mr.  Haskins,  who  is  an  earnest  advocate  of  the  system, 
informs  us  that  there  exist  three  plans  underlying  its  utilization  as 
far  as  the  subject  has  been  developed.  These  are  "  the  water  col- 
umn," "the  piston  immersed  in  water,"  and  "the  piston  simply 
packed  and  lubricated  by  water  or  other  fluids."  Of  the  first  class 
we  are  informed  that  there  are  several  varieties,  all,  in  the  opinion 
of  the  author,  containing  in  them  the  elements  of  success. 

They  operate  upon  the  general  plan  of  starting  and  stopping  a 
column  of  water.  Those  at  Mount  Cenis  are  stated  to  have  been 
very  successful  and  economical.  They  have  small  engines  actu- 
ated by  compressed  air,  which  operate  the  induction  and  eduction 
valves.  They  are  placed  at  an  inclination,  drawing  their  supply 
of  water  from  cisterns,  thus  insuring  clean  water.  With  them  they 
compress  air  to  sixty  and  seventy  pounds  to  the  inch,  and  some- 
times more,  as  they  may  require.  Other  apparatus,  depending  on 
a  column  of  water  for  its  power,  has  been  constructed,  and  there 
are  several  parties  now  experimenting  in  that  direction. 

Of  the  immersed  class  of  compressors  we  are  told  that  there  are 
also  several.  They  do  well  for  low  pressures,  but  not  as  well  for 
high  ones,  the  difficulty  being  that  the  piston,  in  moving,  has  also 
to  move  a  large  body  of  water,  which,  of  course,  absorbs  an  amount 
of  power  equal  to  its  own  inertia. 
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Concerning  the  vital  point  of  transmission,  the  opinion  is  ventured, 
based  upon  extensive  experience  at  the  Hoosac  Tunnel  operations, 
that  no  difficulty  is  experienced. 

The  Naval  Observatory  Eclipse  Party.— The  preliminary 
reports  of  the  observatory  party  of  which,  through  the  courtesy  of 
Prof.  J.  E.  Nourse,  we  are  privileged  to  placed  an  early  abstract 
before  our  readers,  indicate  a  very  fair  degree  of  success.  It  should 
certainly  be  a  source  of  sincere  gratification  to  the  followers  of 
science  in  this  country  to  know  that  two  independent  observing 
parties  under  the  patronage  and  support  of  two  different  branches 
of  the  government  were  sent  across  the  ocean  in  the  interest  of 
science.  It  indicates  an  intelligent  appreciation  in  the  "  powers 
that  be  ''  of  the  sterling  value  of  physical  investigation.  The  obser- 
vatory expedition  is,  we  believe,  mainly  composed  of  the  observers 
of  last  year's  party,  under  the  direction  of  the  Superintendent  of 
Naval  Observator}^,  and  detailed  by  the  Secretary  of  the  Navy. 
From  the  Coast  Survey  party,  whose  organization  we  mentioned 
in  our  January  issue,  we  also  have  the  pleasure  of  presenting  some 
items  of  interest. 

Facts  Relating  to  the  Distinctness  of  Sound.— The  follow- 
ing statistics  compiled  by  Mr.  C.  K,  Moore,  at  the  instance  of 
the  Smithsonian  Institute,  and  kindly  communicated  by  him  are 
instructive  in  showing  how  the  circumstances  of  locality  may  vary 
the  distinctions  of  sound.  In  the  tabulated  list  of  observations 
which  we  append,  the  sounds  which  furnished  the  material  were 
the  ''Sue's"  whistle,  and  the  report  of  the  guns  at  Fortress  Monroe. 
The  distinctness  of  the  sound,  and  the  direction  and  force  of  the 
wind  were  noted,  10  representing  the  maximum  of  wind  and  sound. 
The  point  of  observations  is  Prospect  Hill.  From  this  locality 
Fortress  Monroe  is  distant  40  miles  in  a  southwesterly  direction. 
Cherry  Stone  13,  and  Hungar's  Wharf  8  miles  also  S.  W.  The 
country  between  the  point  of  observation  and  Hungar's  Wharf  is 
wooded,  and  in  mild  seasons  when  the  trees  are  in  full  foliasre  the 
sound  is  almost  or  entirely  lost.  The  tables  from  May  to  October, 
present  sharp  lines  of  demarkation  from  the  remaining  months 
owing  to  this  cause.  The  curious  portion  of  the  table  will  be  found 
to  be  in  the  repeated  recurrence  of  a  strong  sound,  at  times  reach- 
ing even  the  maximum  of  distinctness  in  the  teeth  of  a  strong 
northeasterly  wind.  Directly  the  reverse  would  be  expected  under 
ordinary  circumstances.    Whether  or  not  the  country  presents  any 
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cause  a  serious  diminution  of  the  stock  on  hand.  Especially  does 
the  management  feel  the  want  of  the  number  heading  this  notice. 
In  view  of  this  fact  we  are  prepared  to  pay  50  cents  for  every  un- 
mutilated  copy  of  that  number  which  is  sent  to  the  Hall  of  the  In- 
stitute ;  and  we  would  respectfully  request  any  of  our  subscribers 
who  may  have  a  knowledge  of  the  existence  and  whereabouts  of 
incomplete  volumes  to  aid  us  in  enlarging  our  stock  of  the  wanting 
number. 

Compressed  Leather. — Dr.  Dingier — The  author  states  that 
offal  of  leather,  cuttings,  and  scraps,  are  first  cleansed  from  dirt  and 
dust,  then  soaked  in  water  containing  1  per  cent,  of  sulphuric  acid, 
until  the  material  becomes  soft  and  plastic,  next  compressed  into 
the  shape  of  blocks,  dried  by  steam,  and  lastly  rolled  out  in  mills. 
In  order  to  soften  the  mass,  1  pound  of  glycerine  is  added  to  100 
pounds  of  material.  The  leather  thus  again  obtained  is  applicable 
for  the  inner  soles  of  boots,  &c. 


Jerez^  December  23cf,  1870. 
Pkofessor  Morton. 

Dear  Sir  : — By  the  courtesy  of  Professor  Winlock  I  am  per- 
mitted to  communicate  the  general  results  of  our  observations  of 
the  eclipse.  I  think  I  may  say  that  on  the  whole  our  expedition  has 
been  highly  successful,  and  has  fully  attained  the  objects  for  which  it 
was  sent,  although  perhaps  more  might  have  been  accomplished 
had  the  weather  been  better.  We  seem,  however,  to  have  been 
more  favored  even  in  this  respect  than  any  of  the  English  parties 
which  observed  in  Spain.  I  have  not  yet  heard  anything  from  the 
parties  in  Algeria  and  Sicily. 

Our  party  of  twelve  concentrated  at  Jerez  some  30  miles  (by 
rail)  north  of  Cadiz,  about  ten  days  before  the  eclipse,  and  although 
much  interrupted  by  unfavorable  weather  our  instruments  were  in 
position  and  adjustment  in  good  season.  Mr.  Dean,  assisted  by 
Capl.  Ernst  and  Mr.  Gannett,  had  in  charge  the  determination  of 
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oiii"  ;.M'();.M'a))lii(:;il  [xtsil ion,  iisiii;.';  w.  KI  iiii:li  traii.sit,  cliiwjiioinotcrH 
litttil  with  ;4;ilv;iiii(;  l>i'o;ik  circuit  ;i|i|i:ir:itu.s,  a  cliioii(j;.^rapli,  sextant, 
Siv..  'J'Ik!  j)li()t()^i;i|ilii(;  apparatus  coiiijiriscd  two  tcloycopes  c*fiua« 
lorially  mounted  with  clockwcjrk,  one  of  8  incli<;s  aperture.  an<l  tho 
other  oC  (5.  besides  a  horizontal  telescope  of  5  inches  aperture,  and 
about  30  feet  focus,  with  a  plane  unsilvered  mirror  of  gjas.s  to  re- 
licet  the  sun's  rays  into  the  lube.  Messrs.  Willard,  Mahoncy  and 
Ciannett  attended  to  this  department. 

Professor  I'ickering  observed  for-  the  polarization  of"  the  corona 
with  njtparatus  which  \  presume  he  has  described  in  his  letter  to 
you.  lie  Avas  assisted  by  Mr.  Koss.  Professor  Langley  also  ob- 
served for  the  same,  and  for  the  general  features  and  structure  of 
the  corona. 

AVe  had  four  spectroscopes  in  the  field.  Professor  Winlock  used 
an  instrument  with  two  prisms.  This  was  attached  to  an  equato- 
rial of  5^  inches  aperture  which  formed  a  distinct  image  of  the 
object  observed  on  the  slit  of  the  collimator.  Afr.  Clark  assisted 
him  at  the  finder. 

My  own  instrument  was  the  spectroscope  figured  and  described 
in  a  late  number  of  the  Journal.  It  was  attached  to  the  Dart- 
mouth College  Equatoreal  of  6S-  inches  aperture,  and  like  Professor 
Winlock's,  received  a  distinct  image  on  the  slit  of  the  collimator. 
The  observations  previous  to  totality,  were  made  with  the  whole 
dispersive  power  equivalent  to  13  prisms.  During  totality  I  used 
7.  As  the  observations  of  Professor  Pickering  last  year  had  made 
it  a  matter  of  interest  to  observe  the  general  spectrum  produced  by 
the  total  lio'ht  cominsr  from  the  moon's  immediate  neighborhood 
during  totality,  without  any  limitations  such  as  are  introduced  by 
throwing  an  image  upon  the  slit,  two  instruments  were  mounted 
for  this  purpose.  The  first  consisted  of  the  collimator  and  tele- 
scope of  my  large  9 -prism  instrument,  with  two  of  its  prisms.  The 
telescopes  have  an  aperture  of  2\  inches,  and  a  focal  length  of 
about  17,  and  the  prisms  are  of  proportionate  size,  having,  how- 
ever, an  angle  of  only  45°. 

This  was  mounted  upon  a  board  in  such  a  manner  that  it  could 
have  the  slit  of  its  collimator  readily  pointed  toward  the  sun.  As 
its  angle  of  aperture  was  about  7°,  it  required  no  great  exactness 
of  direction  and  no  movement  during  the  totality.  This  instru- 
ment was  put  in  charge  of  Mr.  Abbay,  a  member  of  one  of  the 
English  parties,   who,  at  his  own  request,  was  kindly  detailed  to 
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assist  us  in  the  matter,  as  they  had  no  suitable  instrument,  and  we 
no  spare  observer.  He  brought  with  him  an  induction  coil  and  a 
Geissler  tube,  prepared  under  Mr.  Lockyer's  supervision,  which 
gave  the  combined  spectra  of  hydrogen,  mercury,  magnesium  and 
sodium.  This  spectrum,  thrown  into  the  field  of  view  in  the  or- 
dinary way,  formed  the  scale  of  reference.  Another  smaller  in- 
strument was  fitted  up  from  a  star  spectroscope  of  one  prism  of 
very  dense  glass,  with  telescope  and  collimator  of  the  usual  size — 
about  1-inch  aperture  and  7-inch  focal  length.  To  increase  the  light  I 
placed  in  front  of  its  slit  a  small  telescope,  magnifying  about  2|^ 
times,  and  having  a  field  of  Sl*^.  This  was  adjusted  carefully  for 
distinct  vision  on  a  remote  object,  and  its  effect  was,  not  to  form  an 
image  on  the  slit  and  thus  to  limit  the  locality  from  which  the  ob- 
served spectrum  was  derived  to  some  small  point,  but  merely  to  in- 
crease the  virtual  angular  diameter  of  the  sun  and  the  total  amount  of 
light  received  on  the  slit.  This  instrument  was  put  in  charge  of  Mr. 
Pye,  a  young  Englishman  who  was  spending  the  winter  at  Jerez,  for 
the  benefit  of  his  health.  He  had  had  some  experience  in  spectro- 
scopy, and  used  his  instrument  very  skilfully  and  effectively.  To 
all  these  instruments,  excepting  Mr.  Abbay's,  was  adapted  Profes- 
sor Winlock's  beautiful  arrangement  for  recording  the  positions 
of  the  lines  observed.  A  little  chisel  is  brought  down  by  the 
simple  pressure  of  the  finger,  upon  a  silver  plate  which  moves  with 
the  telescope,  and  thus  a  fine  line  is  made  which  permanently 
marks  the  position  of  every  line  which  may  be  upon  the  cross- 
wires  of  the  instrument ;  these  plates  are  preserved,  and  afterwards 
read  off  at  leisure  by  a  suitable  micrometer.  Besides  those  I  have 
named,  several  English  gentlemen  joined  us  in  general  observa- 
tions, and  in  making  sketches  and  drawings  of  the  corona.  One  of 
these  drawings,  from  the  pencil  of  Mr,  Gordon,  appeared  to  m.e  in 
fidelity  and  beauty  to  equal  anything  I  have  ever  seen, — but  I  an- 
ticipate. 

The  day  and  night  previous  to  the  eclipse  were  very  fine,  but 
early  in  the  morning  it  clouded  up.  When  we  arose  the  prospect 
was  very  gloomy — it  even  rained  from  time  to  time.  We  made  all 
our  preparations,  however,  and  before  the  first  contact  (10'25,  A,  M., 
local  time)  there  were  many  patches  of  partly  clear  sky— but 
there  was  always,  even  when  clearest,  enough  haze  of  frost  crys- 
tals to  cause  the  sun  to  be  surrounded  by  a  conspicuous  halo  of 
221°  radius. 
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At  tilt!  lime  of  the  lir.st  (;<;nt;i(;t  it  way  clear  fiioiigli  toallow  ;^ood 
observations  to  bo  iiiailo  in  tlic  usual  inotho«i.  I  attempted  to  uhc 
the  spectroscope  upon  it  in  the  same  manner  as  last  year,  but  failed 
on  account  of  the  thin  clou<l  which  most  of  tlio  lirne  entirely  ob- 
iitcralod  IIk;  chronKJsphcrc  lines. 

15(n\vccn  tin;  lime  of  lirsL  contact  and  totality,  there  were  several 
intervals  of  moderate  clearness,  in  which  jjhotographs  of  tlie  fmr- 
tial  phases  were  taken.  Just  before  totality  the  clouds  becauic 
much  tliieker  and  we  nearly  gave  up  hope,  but  at  tlie  needed  time, 
ahnost  by  the  direct  interposition  of  Providence,  it  would  seem,  a 
small  rift  in  the  now  heavy  clouds  passed  over  the  sun,  and  per- 
mitted us  to  see  and  observe  the  sublime  phenomenon,  if  not  in  all 
the  beauty  and  grandeur  of  last  year,  yet  satisfactorily  and  most 
gratefully. 

The  details  of  its  structure  were  not  seen  this  year  nearly  as  well 
as  last  by  the  telescopic  observers.  The  thin  cloud  shaded  out  and 
obliterated  definition,  without,  however,  cutting  out  much  light. 
I  think,  if  anything,  it  appeared  more  extensive  than  then,  but 
much  less  definite  in  its  outline.  Others,  however,  thought  it 
much  less  extensive.  Its  form  was,  as  usual,  roughly  quadrangu- 
lar— nearly  square;  but  it  is  a  curious  ftxct  that  its  longest  diago- 
nal was  neither  equatorial  nor  polar,  but  made  an  angle  of  nearly 
45°  with  the  hour  circle,  lying  from  the  x.  w.  to  the  s.  E.  This 
was  carefully  determined  by  Professor  Langley.  There  was  no 
prominence  on  the  sun's  limb  which  could  compare  in  magnitude 
and  beauty  with  the  "anvil"  of  last  year,  but  there  were  many 
small  ones  which  were  very  bright  and  active. 

Within  5  minutes  after  the  end  of  the  totality  the  sky  was 
wholly  clouded  and  we  did  not  see  the  sun  again  till  just  at  even- 
ing, after  a  heavy  storm  of  wind  and  rain.  During  the  totality 
one  good  photograph  of  the  corona  was  obtained  with  the  6-inch 
glass,  with  an  exposure  of  1\  minutes.  It  is  of  course  by  no 
means  so  good  as  it  would  have  been  had  the  sky  been  truly  clear, 
but  it  shows  a  great  deal  of  detail,  curved  filaments  and  radial 
shadings  far  better  than  any  before  obtained.  The  picture  obtain- 
ed with  the  8-inch  glass  was  nearly  injured  by  not  being  removed 
until  the  sun  came  out.  Xo  attempts  were  made  to  photograph 
the  prominences,  which  can  be  seen  and  studied  at  any  time — all 
efibrts  were  concentrated  on  the  corona. 
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In  respect  to  the  polarization  observations,  I  presume  Professof 
Pickering  has  fully  informed  you.  It  would  almost  seem  that 
there  must  have  been  some  peculiar  defect  in  the  particular  instru- 
ment he  used  last  year,  as  his  assistant,  Mr.  Ross,  using  the  same 
identical  apparatus  which  Prof.  P.  did  then,  obtained  the  same  ne- 
gative result.  But  apparently  similar  instruments  used  this  year, 
conspired  with  others  quite  different  in  indicating  radial  polariza- 
tion of  the  corona.  The  appearances  in  the  instruments  were 
much  complicated  by  the  cloud  and  haze,  but  I  believe  Prof.  Pick- 
ering and  Prof.  Langley  both  agree  that  the  corona  certainly  has 
a  considerable  proportion  of  its  light  radially  polarized. 

Our  spectroscopic  results  completely  confirm  those  of  last  year, 
except  that  the  two  faint  lines  which  I  saw  between  D  and  E  last 
year,  and  suspected  to  be  corona  lines,  as  well  as  1474, 
were  not  seen  at  all  this  time.  1474  was  traced  by  Professor 
Winlock  to  a  distance  of  near  20'  from  the  sun's  limb.  I 
traced  it  16'  on  the  west,  12'  on  the  north,  14'  on  the  east,  and 
about  10'  on  the  south.  The  principal  chromosphere  lines  were 
also  visible  in  the  corona  to  a  distance  of  '6'  or  4'.  But  Prof. 
W.  and  myself  both  agree  in  attributing  these  to  the  reflection  of 
the  haze  around  the  sun.  I  am  the  more  confident  as  to  this,  be- 
cause last  year  in  a  clear  atmosphere  the  C  line  was  certainly 
sharply  terminated  at  the  upper  limit  of  the  chromosphere  or  pro- 
minence under  observation.  Mr.  Abbay,  in  his  spectroscope,  saw 
only  the  1474  line  and  the  F  line — the  former  considerably  the 
brighter  of  the  two.     He  saw  no  continuous  spectrum. 

Mr.  Pye  saw  C  (8-5) ;  D3  (5-5);  1474  (10)  and  F  '(S).  The  num^ 
bers  appended  represent  the  relative  brightness  of  the  lines.  All 
of  us,  except  Mr.  Abbay,  saw  a  faint  continuous  spectrum,  but 
without  any  traces  of  dark  lines.  Still,  as  far  as  I  am  concerned, 
1  should  not  dare  to  affirm  that  there  might  not  have  been  dark 
lines  without  my  seeing  them,  since  on  account  of  my  using  so 
great  dispersive  power  this  spectrum  was  Very  faint  except  when 
1  widened  the  slit  considerably.  With  the  instruments  of  Prof.  W. 
and  Mr.  Pye  the  case  is  different.  I  do  not  think,  if  dark  linea 
existed,  they  could  have  escaped  them. 

No  particular  examination  was  made  of  the  chromosphere  spec- 
trum, but  I  noticed  it  sufficiently  to  ascertain  that  there  were  prob- 
ably in  it,  at  least  in  the  particular  portion  under  observation,  no 
lines  which  I  had  not  already  seen  under  ordinary  circumstances. 
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I  naw  (',  |),,  1>_.,  I»,,  I  174,  lw<»  «>r  tlirrrol*  the  uuu  iiuoM  near  FI,  iIm- 
four  lilies  (A'  h,  IWM  Hariuin  linos  1)cI\v«mmi  h  nixl  K,  and  one  of  the 
iron  linos  (oflon  soon  lliore),  V,  nnd  2lsr»,  which  Mr.  liOckyer  con- 
siders H  nmj;ne.«'iiMn  lino.  I  did  not  examine  the  Hj)eelrurn  aUjv*? 
lids  point,  nor  helow  C  This  was  on  llie  eastern  lind>of  tbc  i»un, 
near  the  point  of  last  internal  eont.iet. 

Perhaps  I  may  be  allowed  to  interpolate  here,  lliat  on  the  i)re- 
vious  day  I  .saw  in  the  spectrum  a  very  bright  but  small  promi- 
nence on  the  K.  \v.  limb  of  tlie  sun,  the  lino  below  (,',  which  1  have 
seen  twice  before,  but  have  ao  often  looke<l  for  in  vain  that  I  had 
more  than  half  concluded  my.self  to  be  deceived.  It  is  the  reversal 
of  the  dark  line,  050,  of  Kirchhoff's  map.  AKso,  in  the  same  promi- 
nence, and  for  the  first  time,  I  believe,  tlie  three  chromium  lines  j\isi 
below  l>.  Of  course,  Di  and  D,,,  and  all  the  lines  of  i,  were  very 
bright  in  it,  as  well  as  many  of  the  iron  lines  .seldom  .seen. 

But  the  most  interesting  apectroscoj)ic  observation  of  the  eclipse 
appears  to  me  to  be  the  ascertaining,  at  the  base  of  the  chromo- 
sphere, and,  of  course,  in  immediate  contact  with  the  photosphere, 
of  a  thin  layer,  in  whose  spectrum  the  dork  lines  of  the  ordinary/  solar 
spectrum  are  all  reversed. 

Just  previous  to  totality  I  had  carefully  adjusted  the  slit  tangen- 
tial to  the  sun's  limb,  at  the  point  where  the  second  contact  would 
take  place,  and  was  watching  the  gradual  brightening  of  1474  and 
the  magnesium  lines.  As  the  crescent  grew  narrower  I  noticed  a 
fading  out,  so  to  speak,  of  all  the  dark  lines  in  the  field  of  view, 
but  -was  not  at  all  prepared  for  the  beautiful  phenomenon  which 
presented  itself  when  the  moon  finally  covered  the  whole  photo- 
phere.  Then  the  whole  field  was  at  once  filled  with  brilliant  lines, 
which  suddenly  flashed  into  brightness  and  then  gradually  faded 
away,  until,  in  less  than  two  seconds,  nothing  remained  but  the  lines 
I  had  been  watching.  The  slit  was  very  close,  and  the  definition 
perfect.  Of  course,  I  cannot  positively  assert  that  all  the  bright 
lines  held  exactly  the  same  position  that  had  been  occupied  by 
dark  ones  previously,  but  I  feel  very  sure  of  it,  as  I  particularly 
noticed  several  groups,  and  the  whole  arrangement  and  relative 
intensity  of -the  lines  struck  me  as  perfectly  familiar.  Mr.  Pye  saw 
the  same  thing  for  an  instant  only.  Prof.  Winlock  did  not,  as  his 
telescope  at  the  time,  in  accordance  with  his  directions,  was  pointed 
to  a  spot  at  some  distance  from  the  sun's  limb.  Mr.  Abbay  did 
not  see  it. 
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This  observation  is  a  confirmation  of  •'  Secchi's  continuous 
spectrum"  at  the  edge  of  the  sun,  and,  I  think,  tends  to  make  ten- 
able the  original  theory  of  Kirchhofi'  as  to  the  constitution  of  the 
sun,  and  the  origin  of  the  dark  lines  in  the  ordinary  solar  spectrum. 

I  must  not  close  this  communication  without  a  reference  to  the 
courtesy  and  kindness  we  received  from  the  inhabitants  of  Jerez. 
Everything  possible  was  done  to  assist  us,  and  to  make  our  stay 
agreeable. 

Yours,  very  truly,  C.  A.  Young. 


Jerez  de  la  Frontera,  Dec.  23,  1870. 

Dear  Sir  : — I  wrote  you  from  Southampton,  enclosing  a  descrip- 
tion of  the  polarising  eye-piece,  which  I  promised  to  supplement 
by  a  drawing,  that  I  have  been  unable  to  find  opportunity  to  make. 
Should  you  be  able  to  make  use  of  what  I  then  sent,  unillustrated, 
I  shall  be  glad  to  have  you  do  so. 

Yesterday  began  with  rain  and  clouds.  Five  minutes  before  to- 
tality the  sky  was  overcast,  and  the  sun  quite  invisible.  A  wonderful 
good  fortune  gave  us  a  rift  of  blue  sky  at  the  critical  place  and 
time,  and  we  did  ^ery  fairly,  though  working  partly  through  light 
haze. 

Prof.  Young  (who,  I  suppose,  has  written  j'ou,)  comes  out  well, 
having  followed  1474  fifteen  minutes  from  the  sun,  and  three  inde- 
pendent observers  found  it  the  brightest  visible  line. 

Prof.  Pickering  and  I  were  half  a  mile  apart.  Both  of  us  saw 
what  seemed  evidence  of  radial  polarization  in  corona,  but  the  ob- 
servation  of  the  atmospheric  polarization  was  difficult,  and  not,  per- 
haps, conclusive,  except  as  to  the  fact  that  this  year's  polariscope 
results  show  corona  to  be  in  part  reflected  light.  How  far  this  is 
due  to  absence  of  last  year's  cloudless  sky  I  can't  say.  The  corona 
Was,  to  my  naked  eye,  quite  different  from  that  I  saw  in  Kentucky. 

Mr.  Willard  has  one  good  coronal  picture,  showing  structural 
lines.  I  saw  none  of  the  striation  apparent  last  year  in  telescopic 
scrutiny.  We  feel  well  content  with  our  fortune,  which  is  better 
than  that  of  the  English  parties  in  our  neighbord. 

Yery  truly  yours,  S.  P.  Laxgley. 

Prof.  Morton. 


Wood-  Workiu'j  Afachhirr;/.  89 

€ml  mid  '^rUcdvauical  ^vnriimnnnnt]. 


WOOD  WORKING  MACHINERY. 

A  (rojitisc  (in  its  con?tnic'ti()ii  mid  u]i|jlii'iilinii,  willi  ii  liisl'iry  "f  it, 
origin  and  proi^ress.     JJy  J.  lii<  iiakds,  M,  K. 

(Coiilimied  from  pnyu  42.) 

Science  in  its  rcscarclics  has  left  Lul  few  nooks  in  the  industrial 
arts  unexplored,  every  detail  of  shop  manipulation,  every  coneciv- 
able  application  of  nieehanical  forces,  has,  with  but  few  exceptions, 
passed  through  the  ordeal  of  scientific  criticism  and  investigation. 

Even  the  most  simple  matters  have  become  the  subject  of  ab- 
struse mathematical  calculation  and  are  demonstrated  in  formulas 
that  are  a  hundred  fold  more  complicated  than  the  operations  them- 
selves. This  zeal  to  apply  mathematics  to  our  shop  manipulation, 
or  rather  to  all  niatters  pertaining  to  mechanics  has,  no  doubt,  in  a 
large  measure,  to  be  imputed  to  a  recent  realization  of  the  fact, 
that  they  are  intimately  connected,  are  one  and  the  same.  Our  shops 
in  this  country  were,  for  the  most  jDart,  founded  on  the  "  cut  and 
try  "  principle ;  to  start  with,  there  was  a  popular  distrust  in  hook 
learned  mechanics,  and  even  yet  in  many  parts  of  the  United  States 
tliere  exists  a  strong  distrust  of  any  proposition  relating  to  mechanics 
that  is  not  based  strictly  upon  experiment  and  shop  demonstration. 
Such  distrust  was  not  without  its  reasons,  as  will  be  noticed  fur- 
ther on. 

But  now  that  experience  has  found  that  the  mechanics  who  rely 
upon  scientific  data,  and  who  follow  the  laws  of  construction  as 
laid  down  from  the  deductions  of  scientific  men,  are  the  only  ones 
to  suoceed  ;  it  has  not  only  awakened  an  interest  but  a  pride  in  tbe 
amount  of  such  knowledge  possessed  in  our  shops.  This  zeal  to 
study  theoretical  mechanics  is  sufficiently  attested  in  the  number  of 
polytechnic  and  other  scientific  institutions  of  learning  of  this  kind 
that  has  sprung  up  in  our  country. 

The  discovery  of  the  mechanical  equivalent  of  heat  has  done 
mucb.  to  restore  confidence  in  the  theoretical  laws  of  mechanics. 
"Without  this  philosophy  a  link  in  the  chain  was  wanting;  there 
was  a  stopping  point  to  theoretical  deductions  about  forces ;  much 
that  could  not  be  explained  in  a  manner  sufficiently  rational  to  gain 
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the  confidence  of  mechanics,  when  they  had  been  educated  to  re- 
gard hoolc  learning  on  the  subject  as  pernicious  and  almost  unfitting 
one  for  the  shop. 

Everything  in  nature  is  the  subject  of  fixed  laws.  To  interpret 
them  is  the  business  of  science,  and  to  spread  before  the  mechanic 
a  chart  on  which  he  can  rely.  An  apprentice  who  enters  the  shoj) 
with  the  impression  that  the  business  he  is  about  to  learn  is  some- 
thing mysterious,  and  that  he  is  to  grapple  about  in  the  dark  stum- 
bling upon  his  ideas,  solely  from  experiment,  will  never  master  his 
trade.  There  must  be  a  fixed  confidence  in  constant  results;  he 
must,  to  succeed,  well  know  that  all  he  is  to  learn  is  governed  by 
fixed  and  unalterable  laws  which  science  has  with  the  aid  of  expe- 
riment interpreted.  That  there  is  a  tangible  something  which  he 
can  in  time  master,  and  that  he  can  learn  his  trade,  a  proposition 
that  would  be  untenable  unless  his  business  could  be  considered  as 
a  demonstrated  art. 

After  this  much  in  regard  to  scientific  research  in  the  mechanic 
arts,  we  intend  to  allude  to  a  few  things  that  seem  to  have  been 
overlooked  or  forgotten. 

In  a  previous  article  the  counterbalancing  of  the  reciprocating 
parts  of  machinery  was  alluded  to  with  the  promise  that  it  would 
be  taken  up  in  connection  with  reciprocating  saws.  It  was  over- 
looked at  the  proper  time  but  will  not  be  out  of  place  here.  The 
subject  of  counterbalancing  as  applied  to  reciprocating  movement 
is  one  of  these  7iooJcs  that  seems  to  have  escaped  the  scientific  re- 
search that  has  been  so  lavishly  expended  on  matters  of  much  less 
importance, — a  reason  for  this  was  no  doubt  set  forth  in  the  intro- 
duction to  these  articles  when  wood-working  machines  were  placed 
in  the  same  category.  Aside  from  the  reciprocating  parts  of  the 
steam  engine,  the  question  of  such  counterbalancing  is  confined 
mainly  to  wood  tools ;  not  that  cutting  operations  on  other  mate- 
rial is  much  the  same,  but  it  is  only  in  wood-cutting  that  a  high 
velocity  is  needed  and  a  corresponding  necessity  for  counterbalan- 
cing exists. 

Counterbalances  on  saw  rnills  and  scroll  saws  is  a  theme  as  old 
as  our  country.  Old  millwrights  who  built  our  "  log  sawing " 
mills  of  rude  and  imperfect  construction  in  the  absence  of  anything 
but  their  personal  judgment  and  experience  to  guide  them  had 
nothing  of  more  interest  to  argue  or  dilBfer  about  than  counter- 
balances. 


W'tin,/-  W'orluii/  Muchinrri/.  1>1 

A  j()uni:il  rl.iimiiig  to  be  sciciitifH!  has,  to  within  n  H'.w  months  pa«t 
j)ul)lishtMl  iiiiiiMM'niis  (Mjiiiiiiuiii(;:iti<'ii.s  on  thtj  .sul)ject  of  Hnch  coun- 
ti'il);i!;ni(H's,  coMtainiii;^'  u  ilivcrsity  (;!' opinions  wliich  [)rove  coriclu- 
sivclv  thill  \\icvc.  arc  no  scicntifn;  <l:if:i  to  <lott.Tniino  thu  nuitter,  at 
least  in  any  lorni  that  is  avaihiblc  to  mechanics  generally,  and 
justifies  the  assumption  that  one  important  feature  in  construction 
has  been  ovcrlo(jk(;(l  in  our  voluminous  text  books. 

Another  tliin<;-  intimately  connected  with  counterbalancing  rotary  . 
and  reciprocating  parts  of  machines,  is  centrifugal  strain.  What 
sliould  be  th(^  diameter  of  a  bolt  that  will  safely  hold  a  cutter 
weighing  one  pound  revolving  1000  revolutions  per  minute  in  24 
in.  circle,  is  a  4uestiou  that  would  be  difTicult  to  answer  fnnn  any 
text  book  that  has  come  to  the  knowledge  of  the  writer. 

Such  questions  are  of  vital  importance  in  the  construction  of 
wood  machines,  where  there  is  great  danger  attending  their  opera- 
tion even  when  the  greatest  judgment  is  used  in  attaching  cutter.s 
and  other  details  that  have  high  motion.  • 

To  a  question  as  to  where  a  cutter  was  that  was  thrown  out  of  a 
machine  in  motion.  The  writer  received  the  following  reply  from 
the  man  who  was  operating  it,  "It  is  enough  to  know  that  it  did 
not  go  through  me.  I  never  yet  saw  a  cutter  that  came  out  of  that 
machine."  Numerous  and  serious  accidents  arise  from  imperfect 
fastenings  for  cutters  in  wood  machines,  and  argues  a  necessity  for 
some  more  reliable  standard  than  that  of  mere  judgment. 

A  patent  granted  to  Captain  John  Ericsson  during  his  Monitor 
career  for  counterbalancing  the  reciprocating  parts  of  machines, 
was  about  the  first  published  matter  that  directed  attention  to  the 
true  theory  of  counterbalances  in  this  country.  It  was  comprehen- 
sive, and  showed  the  acquaintance  of  this  celebrated  engineer  with 
the  matter.  It  related  in  substance  to  counterweighting  the  recip- 
rocating parts  of  machines  by  means  of  balances  of  equal  weight 
with  the  parts,  having  a  coincident  movement  in  a  reverse  direc- 
tion ;  or  of  weights  greater  or  less  with  a  proportionate  range  of 
movement,  inverse  of  course.  These  may  not  be  the  precise  words 
of  the  patent,  which  is  quoted  from  memory,  but  are  the  claims  in 
substance. 

In  1866,  about  the  same  time  or  about  the  same  year  of  the 
Ericsson  patent,  Mr.  James  R.  Maxwell,  a  mechanical  engineer  of 
Cincinnati,  Ohio,  designed  an  eccentric  turning  lathe  on  the  same 
principle,  having  a  compound  face  plate  or  sliding  framCj  so  ar^ 
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ranged  that  the  amount  of  ponderable  weight  was  at  all  times  the 
same  on  every  side  of  the  axis,  independent  of  the  piece  being 
turned.  These  lathes  are  used  for  turning  oval  picture  frames  and 
other  like  work  and  are  among  the  most  difficult  of  all  machines 
to  "  hold  still,"  so  much  so  that  in  some  instances  it  has  been  found 
necessary  to  build  a  solid  wall  of  masonry  over  them,  so  that  the 
vibration  would  fall  in  its  plane. 


With  Mr.  Maxwell's  improvement  these  machines  are  operated 
on  the  floor  like  a  saw  or  molding  machine,  and  cause  no  jar  or 
vibration  that  is  not  absorbed  by  the  counterweight. 


11'"'/  Wor/ciU'j  Machinery. 


0?. 


It  will  he  i|iiiii'  iiiij)().ssil)I()  to  (jonsidor  tliis  (jur.HtK^ii  oi  t'<mu\>-y 
l);ilaii(u>s  in  conm^^iiori  with  reciprociiting  motion  without  di.'igrarnH 
whii'h  iii.'iy  1)1'  |iif]i:in'il  in  somu;  I'liluro  number.     'J'ho  present  pur- 
poso  is  to  (lir(H;t  attontion  to  it  as  a  thin;^  that  has  boon  nc;^loctcd. 

'I'o  r('siini(3  tlio  wood  rnachino  notices  wo  prcs<Mit  at  Fig.  I  in  this 
iiiimbci-  a  porspoL'tivo  elevation  of  a  surfacing  piano  invented  by 
r>.  1>.  Whitney  and  nianufacturcd  at  his  works  in  Winchcndon, 
Massacliusotts. 


Fig.  2. 


The  application  of  fixed  cutters  in  planing  machines,  as  before 
noticed,  is  quite  old  if  not  the  very  oldest  form  in  which  planers  were 
made ;  but  the  idea  of  a  scraping  machine  with  the  face  of  the  cut- 
ters at  right  angles  with  the  plane  of  the  lumber  is  original  with 
Mr.  AVhitney,  While  we  allude  to  the  face  of  the  cutters  in  this  ma- 
chine as  being  at  right  angles  to  the  surface  of  the  board,  the  edge 
is  not  a  continuation  of  this  face ;  it  is,  in  fact,  a  scraper  similar  to 
that  used  by  wood  workmen  for  smoothing  their  work  only  that  it 
is  on  a  more  extensive  scale,  and  the  operation  performed  by  power 
instead  of  bv  hand.     The  knives  or  cutters  are  thin  sheets  of  steel 
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which  are  "  set "  with  a  turned  edge  like  a  currier's  knife  before 
being  placed  in  the  machine.  The  lumber  is  forced  through  bj  a 
strong  arrangement  of  feed  rolls,  and  is  gauged  from  its  bottom 
surface  which  is  the  side  acted  upon  bj  the  cutters. 


This  machine,  so  far  as  there  is  any  information  at  command,  is 
a  purely  American  invention  ;  no  application  of  power  to  scraping 
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wood  on  Llir,  jninciple  licre  crrif)loyo(l  sccm«  to  Imvc  been  made  by 

iijiinufucturcr  rs  of 
wood  injicliitics  ill 
otlior  countries ;  in 
flic  t,  til  0  rn  ncli  i  n  v. 
would  meet  with  op- 
position it"  introduced 
into  many  parts  of  the 
old  world.  It  takes 
the  place  of  a  kind  of 
hand  skill  that  has 
not  been  reached  by 
other  machines,  that 
of  smoothing  up  stuff 
after  it  has  been  pla- 
ned on  the  common 
])laner,  and  would  no 
doubt  be  regarded  as 
taking  "the  bread 
from  the  mechanic's 
mouth,"  a  cry  that  has 
not  yet  died  out  even 
in  England. 

Chair  stuff,  furni- 
ture stuff  and  even 
veneered  lumber  is 
brought  to  a  perfectly 
smooth  surface  and 
from  the  undulations 
left  by  rotary  cutters 
when  passed  through 
these  machines.  This 
machine  was  exhibit- 
ed at  Paris  in  1867, 
and  was  awarded  a 
silver  medal  in  the 
great  exposition. 

Fig.  2  is  a  side  ele- 
vation of  a  cross  cut- 
tins  saw  from  the  de- 
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signs  of  Allen  Eansome  &  Co.,  London,  England.  It  is  what  would 
in  America  be  termed  an  inverted  "  swing  saw,"'  the  pivotal  joint 
being  beneath  instead  of  above  the  machine  as  they  are  generally 
arranged  in  our  shops. 

This  modification  of  the  machine  as  shown  is  adapted  to  shops 
where  the  line  shafting  is  beneath  the  mill  floor,  a  plan  that  is 
often  met  with  in  England,  but  rarely  in  this  country  except  when 
heavy  machines  are  used. 

The  operation  of  the  saw  is  different  in  the  two  cases,  the  axis 
of  the  saw  being,  in  the  machine  illustrated  below  the  lumber,  while 
in  the  pendulum  or  overhead  saw,  it  is  above ;  in  the  one  case  the 
QjQ  or  centre  of  the  saw  is  on  the  gauge  side  of  the  stuff,  and  the 
wood  passes  near  to  the  collars ;  in  the  other,  the  eye  of  the  saw  is 
on  the  varying  side  of  the  lumber,  and  the  cutting  done  on  the 
periphery  of  the  plate — differences  which  leave  great  advantages 
with  the  machine  illustrated ;  for  should  the  lumber  be  too  thick 
to  be  cut  through  at  one  operation  it  can  be  turned  over  and  severed 
at  two  cuts,  while  in  the  other  case  it  would  not  pass  beneath  the 
saw  mandril  unless  there  was  an  adjustable  table  to  carry  it. 

Fig.  3  is  a  side  elevation  from  a  heavy  compound  machine  manu- 
factured by  Messrs.  A.  Ransome  &  Co.,  for  sawing,  planing  and 
molding.  The  drawing  is  a  true  elevation  to  a  scale  of  o'^th,  and 
shows  the  arrangement  of  the  machine,  together  with  the  plan  at 
Fig.  4,  so  perfectl}^  that  no  special  explanation  is  needed  to  make  it 
understood. 

There  are  top  and  bottom  cutters,  and  side  cutters  on  the  molding- 
side,  a  circular  saw  on  the  opposite  side  with  a  band  saw  for  curved 

lines. 

(To  be  continued.) 


THE  PENNSYLVANIA  RAILROAD  SHOPS  AT  WEST  PHILADELPHIA. 

By  Joseph  M.  Wilson,  C.  E. 
[P.  A.  Engineer,  Construction  Department,  Pennsylvania  Eailroad.} 

(Continued  from  p.  317,  Vol.  LX.) 

Locomotive  and  Machine  Shop. — This  building,  numbered  2  on 
Plate  I,  is  a  rectangle  in  form,  being  280  feet  1 J  inches  long  by  82 
feet  8  inches  wide,  outside  dimensions  of  brick  wall,  and  furnishing 
a  floor  area  of  21,840  square  feet.  Plate  IV  is  a  plane  showing  the 
arrangement  of  tracks,  positions  of  doors,  windows,  machinery,  &g. 
Plate  V  shows  an  end  elevation  and  section.     Plate  VI  gives  de- 
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lulls.  IMule  \'JI  is  a.  8(>ctioii  tliroiigli  on^^'iiM' and  boiler  rooms,  and 
riate  VIII  <,dves  elevation,  section  and  details  of  stack. 

Tliere  arc  tracks  for  eleven  locomotives,  each  provided  with  a 
pit.  The  details  of  construction  of  the  walls  of  the  building,  and 
also  of  the  pits,  are  the  same  as  in  the  locomotive  house.  'J'hc  outer 
foundation  walls  are  2  feet  G  inclies  thick,  and  all  inner  walls  2 
feet.  The  outer  wall  finishes  off  4  inches  below  the  surface  of  the 
ground,  and  has  a  belting  course  on  top  of  cut  stone,  0  inches  by  lo 
inches  section.  All  of  the  doors  have  cut  stone  sills  12  inches  deep, 
and  where  the  tracks  run  through,  the  rails  are  cut  into  the  stone, 
as  in  the  locomotive  house,  so  as  to  give  a  flush  surface  on  top. 
Above  the  belting  course  the  walls  are  of  brick,  built  in  panels, 
with  pilasters  inside  and  out,  and  ornamental  cornice  outside,  as 
shown  in  plates.  Air  passages  are  built  in  the  foundation  walls  at 
frequent  intervals,  to  allow  of  ventilation  under  the  flooring.  These 
are  built  up  to  the  surface  of  ground  on  outside,  and  are  covered 
with  a  cast  iron  grate,  flush  with  the  ground  line.  Fig.  2,  Plate 
VI,  shows  details  of  wall  with  this  ventilating  passage,  and 
also  gives  a  section  through  the  sewer,  showing  arrangement 
for  surface  drainas;e.  The  area  between  the  front  of  the  building 
and  the  transfer  table  is  paved  with  brick.  Sewers  extend  all 
around  the  building,  and  surface  drainage  is  provided  between  the 
tracks,  and  at  all  necessary  points.  The  pits  and  the  roofs  also 
drain  into  the  sewers.  The  large  doors  at  the  entrance  tracks  are 
11  feet  by  15  feet  10|  inches  clear  opening,  and  have  elliptical 
heads,  the  distance  from  floor  to  springing  line  of  arch  being  12 
feet,  and  the  rise  of  arch  to  crown  3  feet  10|  inches.  These  doors 
are  made  in  two  thicknesses  of  1|-  inches  each,  the  central  portion 
being  o;]azed.  Some  of  these  doors  have  wickets  and  some  are 
without.  Those  with  wickets  are  glazed  2  lights  high  by  4  lights 
wide,  13-inch  by  20-inch  glass,  and  those  without  wickets  4  lights 
high  by  4  lights  wide,  of  same  size  glass.  The  upper  elliptical 
segments  and  the  lower  portions  of  the  doors  are  paneled  and 
moulded  on  the  outside,  and  sheeted  diagonally  on  back  with 
tongued,  grooved  and  beaded  stufi".  These  doors  all  open  out,  and 
are  hung  on  heavy  cast  iron  hinge  blocks,  built  into  the  brick  work, 
three  wrought  hinges  to  each  door,  and  they  are  provided  with  the 
same  furniture  as  those  in  the  locomotive  house. 

In  each  gable  end  of  the  building  is  an  elliptical  beaded  door 
opening,  8  feet  wide,  8  feet  8  inches  in  height  from  floor  to  springing 
Vol..  LXI. — Third  Series.— Xo.  2.— FEBRrART,  1871.  13 


98  Civil  and  Mechanical  Engineering. 

line,  and  2  feet  6  inches  rise  of  arch  from  springing  line  to  crown. 
The  doors  are  square  at  the  top,  being  provided  with  transome  and 
5-inch  impost,  and  are  2  inches  thick,  paneled  and  moulded  on 
front,  and  sheeted  diagonally  on  back  with  narrow  1-inch  tongued, 
grooved  and  beaded  boards.  They  are  hung  on  cast  iron  hinge 
blocks,  two  wrought  iron  hinges  to  each  door.  The  outside  door 
to  boiler  room  is  in  one  piece,  and  raises  vertically,  being  hung  by 
chains  and  weights  on  pullies. 

The  windows  in  gable  ends  of  the  building  are  semi-circular 
headed.  Those  in  the  sides  are  square  headed.  All  have  box 
frames,  and  cast  iron  outside  sills,  and  the  square  headed  windows 
have  cast  iron  outside  lintels  and  inside  lintel  plates.  The  sash 
are  in  two  flights,  of  12  lights  each,  12-inch  by  15-inch  glass,  and 
are  double  hung  with  cord,  weights  and  axle  pullies.  In  each  gable 
end  is  a  circular  window,  4  feet  6  inches,  opening  in  brickwork, 
with  one  sash,  made  to  swing  in  centre  of  height.  The  floor  joist 
are  3-inch  by  12-inch,  white  pine,  laid  1  foot  apart,  centre  to  centre. 
The  wall  plates  and  track  stringers  are  of  white  oak.  The  flooring 
is  double,  and  the  details  in  regard  to  this,  the  arrangement  of 
track  stringers,  and  the  finish  around  pits  are  all  the  same  as  pre- 
viously described  in  the  case  of  the  locomotive  house. 

The  wall  plates  on  top  of  brick  wall  are  of  white  oak,  in  two 
thicknesses  of  3  by  12  inches  each,  laid  to  break  joint  and  well 
pinned  together.  Plate  V  shows  the  construction  of  the  roof  truss. 
The  principals  are  placed  10  feet  6  inches  from  centre  to  centre. 
The  principal  rafter  is  of  one  piece,  10  by  12  inches  section,  and  the 
tie  beam  of  three  pieces,  3J  by  12  inches  each,  securely  framed  to- 
gether with  keys,  clamps  and  combination  bolts.  The  number  and 
sizes  of  the  vertical  rods  are  given  on  the  Plate,  and  the  notation 
reads  thus,  for  instance  :  2  rods  1^-  inch  diameter  each,  with  1 J  inch 
screw  at  each  end.  The  ends  of  the  rod  are  upset,  so  that  the 
effective  section  of  screw  shall  be  the  same  as  that  of  the  rod.  The 
sizes  of  the  braces  are  also  given  on  the  Plate.  Where  the  braces 
cross,  one  is  cut,  the  parts  being  kept  in  proper  position  by  dowel 
pins.  The  angle  blocks  are  of  cast  iron,  of  the  forms  and  dimen- 
sions shown,  Fig.  3,  Plate  VI.  The  blocks  are  numbered,  and  the 
numbers,  as  marked  on  the  elevation  of  roof,  show  their  several 
positions  in  the  truss.  Tubes  are  provided  for  the  rods  where  they 
pass  through  the  timber,  to  prevent  the  compression  of  the  wood. 
The  purlins  are  4J  by  8  inches  section,  placed  3  feet  apart  and  se- 
curely spiked  to  the  principals,  at  intervals,  by  f -inch  wrought 
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spikes.  The  veiitihilor,  the  details  of  wliich  are.shfjwn  on  Plate  V, 
and  Vv^.  1,  Piatt;  \'l,  runs  to  witliiii  one  panel  of  caeh  gtible  end  of 
thf  huildin;/.  The  sides  of  the  ventilator  liave  gla/,ed  sasl),  hung 
to  swinij;  on  centre,  as  siiown.  l^y  a  simple  arrangement  the  sash 
arc  so  eonnoeteil  together  in  sets,  tliat  by  means  of  a  r<»pe  they  may 
be  readily  opened  and  shut  froiTi  the  floor  Ixdtnv,  quite  a  iiumlier 
of  sash  at  one  time.  The  roof  sheeting  is  of  white  pine  l-ineh 
hoards,  brouglit  to  a  surface  and  worked.  The  slate  is  of  the  best 
quality,  from  the  Lehigh  quarries  of  Pennsylvania,  and  of  size  10 
by  20  inches,  laid  to  weather  8^  inches. 

The  gutters,  valleys  and  cave  pipes  are  of  copper,  gauge  No.  24. 
The  eave  pipes  run  down  into  the  sewers,  and  are  protected  by  a 
cast  iron  guard  near  the  ground.  The  building  is  warmed  by  cast 
iron  stoves,  chimnevs  being  built  into  the  side  walls  at  intervals, 

Tlie  foUoict'nj  is  a  list  of  ihe  machinery  in  the  building,  numherel  to 
correspond  icith  the  plan^  Plate  IV: 

No.     1.  Crane.     Capacity,  2  tons. 
"       2.  Wheel  Boring  Machine.     Wni.  Sellers  &  Co.,  makers. 

3.  Hydraulic  Wheel  Press.         "  " 

"       4.  Wheel  Lathe.  "  •  " 

"       5.  Crane.     Capacity,  5  tons. 

"       6.  Drill  Press.     Centre  of  spindle  to  post,  12  inches;  vertical  movement  of 
table,  18  inches ;  hand  feeding.     Beraent  &  Dougherty,  makers. 
7.   Drill  Press.     Centre  of  spindle  to  post,  18  inches;  vertical  movenunt  of 
table,  34  inches  ;  hand  feeding.     Wm.  Sellers  &  Co.,  makers. 
"       8.  Grindstone. 

9.  Slotting  Machine.     From  tool  to  u[. right,  22  inches;  length  of  ^lrokf^  l."> 
inches;  feed  motion  ;  circular  and  horizontal.     William  Seller?  &  Co.. 
makers. 
"     10.  Slide  Lathe.     Length  of  shears,  10  feet  3  inches  ;  swing.  20  inchr-s :   l.a.-k 

geared  :  screw  cutting.     Bement  <fc  Dougherty,  makers. 
•     11.   Xut  Facing  Machine.     Bement  «S;  Dougherty,  makers. 
'•      12.  Shaping  Machine.     Length  of  shears,  13  feet   1   inch:  length  of  strike. 
12J   inches;  double  head;  feed  motion;  horizontal,  vertical  and  cir- 
cular.    Wm.  Sellers  &  Co..  makers. 
•■     13.  Set  Screw  Machine.     Bement  6:  Dougherty,  makers. 
"     14.  Slide  Lathe.     Length  of  shears,  14  feet  10  inches  :  swing,  30  inches  :  back 

geared  :  screw  cutting.     Wm.  Sellers  &  Co.,  makers. 
'•     15.  Slide  Lathe.    Length  of  shears,  12  feet  6  inches  ;  swing,  25^  inches  ;  back 

geared  :  screw  cutting,     Wm.  Sellers  «fc  Co.,  makers. 
■     16    Slide  Lathe.     Length  of  shears,  14  feet  3  inches  ;  swing.  25.^  inches  :  back 

geared  ;  screw  cutting.     Wm.  Sellers  &  Co.,  makers. 
'•     17.  Slide  Lathe.     Length   of   shears,    12  feet  6  inches;  swing,  20^  inches: 

back  geared;  screw  cutting.     Wm.  Sellers  &Co.,  makers. 
»'     18.  Slide  Lathe.    Length  of  shears,  12  feet  6  inches;  swing,  20^  inches;  back 
.   geared  ;  screw  cutting.     Wm.  Sellers  &  Co.,  makers. 
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No.  19.  Shaping  Machine.  Length  of  shears,  44  inches;  length  of  stroke,  9 
inches  ;  single  head ;  feed  motion  ;  horizontal,  vertical  and  circular. 
"Wm.  Sellers  &  Co.,  makers. 

"  20.  Slide  Lathe.  Length  of  shears,  16  feet  10  inches  ;  swing,  44  inches;  back 
geared.     Bancroft  &  Sellers,  makers 

"  21.  Cotter  Drill.  Centre  of  spindle  to  frame,  15  inches  ;  movement  of  head, 
33  inches;  vertical  movement  of  table,  18  inches;  self-feeding.  'Wm. 
Sellers  &  Co.,  makers. 

"  22.  Drill  Press.  Centre  of  spindle  to  post,  20  inches ;  vertical  movement  of 
table,  18  inches  ;  self- feeding  and  geared.  Bement  &  Dougherty,  ma- 
kers. 

"  23.  Slide  Lathe.  Length  of  shears,  13  feet ;  swing,  20  inches  ;  back  geared  ; 
screw  cutting.     Bement  &  Dougherty,  makers. 

"  21.  Slide  Lathe.  Length  of  shears,  10  feet ;  swing,  20^-  inches ;  back  geared  ; 
screw  cutting.     Wm.  Sellers  &  Co.,  makers. 

"  25.  Slide  Lathe.  Length  of  shears,  8  feet ;  swing,  16  J-  inches;  back  geared  ; 
screw  cutting.      Wm.  Sellers  &  Co.,  makers. 

"  26.  Slide  Lathe.  Length  of  shears,  8  feet ;  swing,  16^  inches  ;  back  geared; 
screw  cutting.     Wm.  Sellers  &  Co  ,  makers. 

"  27.  Slotting  Machine.  From  tool  to  upright,  14  inches  ;  length  of  stroke,  10 
inches;  feed  motion;  circular  and  horizontal.  Wm.  Sellers  &  Co. 
makers. 

"  28.  Horizontal  Drill  and  Boring  Mill  combined.  Table.  48  inches  by  23  inches, 
with  18-inch  vertical  movement;  movement  of  spindle,  24  inches  ;  dou- 
ble rest,  self-feeding.     Wm.  Sellers  &  Co.,  makers, 

"  29.  Hand  Lathe.  Length  of  shears,  12  feet  4  inches  ;  swing,  16J  inches. 
Wm.  Sellers  &  Co.,  makers. 

"  30.  Slide  Lathe.  Length  of  shears,  7  feet  10  inches  ;  swing,  12^-  inches  ; 
back  geared;  screw  cutting.     Wm.  Sellers  &  Co.,  makers. 

"  31.  Slide  Lathe.  Length  of  shears,  7  feet  10  inches;  swing,  12|  inches; 
back  geared  :  screw  cutting.     Wm.  Sellers  &  Co.,  makers. 

"  32.  Planing  Machine.  Length  of  shears,  4  feet  7  inches  ;  length  of  carriage, 
3  feet  10  inches;  width  of  post,  19  inches;  height  of  post,  18  inches. 
Wm.  Sellers  &  Co.,  makers. 

"  33.  Drill  Press.  Centre  of  spindle  to  post,  18  inches  ;  vertical  movement  of 
table,  34  inches  ;  hancf  feeding  ;  Wm.  Sellers  &  Co.,  makers. 

"  34.  Planing  Machine.  Length  of  shears,  22  feet  4  inches  ;  length  of  car- 
riage, 14  feet  7  inches  ;  width  of  post,  36  inches  ;  height  of  post,  36 
inches.     Wm.  Sellers  &  Co.,  makers. 

"     35.  Hand  Lathe.     Length  of  shears,  5  feet;  swing,  14  inches.     Fox  Patent. 

"  36.  Planing  Machine.  Length  of  shears,  6  feet  6  inches  ;  length  of  carriage, 
5  feet  4  inches  ;  width  of  post,  19  inches  ;  height  of  post,  18  inches; 
Wm.  Sellers  &  Co.,  makers. 

"  37.  Planing  Machine.  Dimensions  same  as  No.  86.  Wm.  Sellers  &  Co.,  ma- 
kers. 

"  38.  Planing  Machine.  Length  of  shears,  15  feet  8  inches;  length  of  car- 
riage, 10  feet  6  inches;  width  of  post,  25  inches;  height  of  post,  24 
inches.     Wm.  Sellers  &  Co.,  makers. 

"  39.  Drill  Press.  Centre  of  spindle  to  post,  22i  inches  ;  vertical  movement  of 
table,  24  inches  ;   self-feeding  and  geared.    Wm.  Sellers  &  Co.,  makers. 

"     40.  Grindstone. 
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Pennsylvania  Jiailroad  Sltojt8.  In] 

No.    Jl.  Twt)  Screw  Ciitlinj;  .MiicliincH.      Win,  S<!llor«  He  Co,,  riiakertt, 
'•     4::.  iSlido  Liitlw!.     J^cngUi  of  hlii'iirH, 'J   feut  ;  Hwiiig,  HI  irichcn;  buck  geared  ; 

Hcrow  cutting,     lioinoiil  A:  Doiiglu-rty,  iiiukfrs. 
"     4.'5.  Slido  IjHtlio.     Loiintli  ofHlicars,  10  fi!<!t ;   nwiiif^,  UO]  inclM?*  ;  bock  goun-d  ; 

soruw  cutliri-;.     lU'niorit  A;  Douf^liftrty,  niiiUerH. 
•'     41     Drill  I'ress.     Overhead     For  drillini,'   tirl••^  ;   iiand    fiM'dirig.      Hfm<-iit   iV 

DoiigluTly,  iimkfTs. 
"     4r».    Millinij  -Macliitic.     Lciii;tii    of  carriagw,     Vl    iru-hcH;   raino    of  cutt<;r,    4 
inches;  index  plulo  and  centres  attached.    Win  SellerH  &.  Co.,  niakertt. 
Nos.  44  and  45  liave  been  accidentally  omitted  on  the  I'lnte.     No.  44  in  located 
between  No.  42  and  the  truck  running  lengthwise  in  the  building.     No.  4'j  iit  be- 
tween No.  1  and  the  gable  end  wall. 

It  is  intended  occupying  tlic  .space  beyond  No.  41  willi  .some  new 
machinery  not  yet  purcliased. 

Between  the  tracks,  as  at  Z»,  />,  &c.,  and  along  the  walls  at  o,  «, 
(Z,  c/,  c,  c,  &c.,  are  located  work  benches.  Each  bench  has  a  drawer 
and  closet  attached,  both  being  furnished  with  lock  and  key,  num- 
bered to  correspond  with  a  number  on  the  closet.  Each  workman, 
therefore,  has  his  own  bench,  with  a  closet  in  which  to  keep  his  hat, 
coat,  over-hauls,  &c.,  and  a  drawer  for  his  tools,  all  under  his  own 
control. 

Plate  VIFshows  a  section  throug-h  the  enojine  and  boilor  rooms. 
The  engine  was  rebuilt  from  an'old  one  constructed  by  Samuel  V. 
Merrick  k  Sons,  some  years  ago,  and  in  use  by  the  Company  be- 
fore the  building  of  this  shop.  It  is  about  90  horse  power,  diam- 
eter of  cylinder  16  inches,  length  of  stroke  -10  inches,  and  is  pro- 
vided with  a  Huntoon  governor,  but  otherwise  does  not  merit 
attention.     The  diameter  of  band  wheel  is  12  feet. 

The  boiler  was  built  at  Altoona,  Penn.,  R.  R.  shops.  It  is  of 
f -inch  boiler  plate,  of  the  form  known  as  locomotive  boiler.  What 
was  originally  the  lire  box  is  now  used  as  a  combustion  chamber,  a 
self-feeding  furnace  of  brick,  lined  with  fire  brick,  being  built  in 
front  as  shown  on  Plate.  The  fuel  used  is  fine  refuse  of  anthracite 
coal,  and  is  piled  up  over  the  furnace  in  the  part,  «,  from  which  it 
feeds  down  through  a  series  of  small  square  section  openings,  5,  &, 
arranged  4J  inches  apart,  the  whole  length  of  the  furnace.  The 
fireman,  in  poking  the  fire,  by  running  his  poker  along  under  the 
openings,  back  and  forth,  can  easily  regulate  the  admission  of  fuel 
as  needed.  The  boiler  is  provided  with  a  pair  of  Richardson's 
safety  valves,  a  gauge  of  the  Cleveland  Gauge  Compan}'-,  regis- 
tering to  200  pounds,  and  is  fed  by  an  injector. 

At  /  a  steam  pipe  goes  off  to  blacksmith  shop,  to  supply  steam 
to  hammers.     At  g  a  steam  pipe  connects  with  the  engine.     The 
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smoke  box  of  boiler  connects,  by  a  passage,  e,  e,  with  the  stack. 
(See  Pkte  VIII.)  In  this  passage,  where  it  runs  under  the  wall  of 
the  building,  is  a  slide  valve,  raised  and  lowered  by  means  of  a 
winch  and  chain,  to  regulate  the  draft.  It  usually  requires  to  be 
kept  open  about  10  inches.  The  arrangement  of  furnace  appears 
to  work  very  satisfactorily. 

The  stack  is  of  brick,  with  a  cut  stone  base  and  cast  iron  cap, 
and  has  a  total  height  of  121  feet  8  inches,  the  inner  diameter  of 
flue  being  4  feet.  The  section  is  an  eight-pointed  star,  the  points 
of  the  star  being  built  hollow,  with  openings  to  the  outer  air  at 
bottom  and  top.  There  is  an  inner  lining  of  one  brick  thick,  4J 
inches,  not  bonded  in  with  the  rest  of  the  work,  which,  as  far  up  as 
a,  a,  is  of  fire  brick,  but  above  that,  of  ordinary  hard  brick.  The 
cap  is  cast  in  sections  and  bolted  together. 

[Note. — There  are  several  important  improvements  we  could 
suggest  in  this  building,  especially  in  the  construction  of  the  roof 
truss,  which  is  faulty  in  several  respects,  but  as  we  propose  at  the 
conclusion  of  these  articles  giving  a  general  review,  and  taking  up 
questions  of  this  kind,  we  will  not,  therefore,  consider  them  here.] 

(To  be  continued.) 


THE  FAIRLIE  ENGINE. 


[We  have  received  from  the  author  a  copy   of  a  letter  on  the 
Fairlie  Engine,  the  accompanying  abstract  of  which  we  are  sure 
will  greatly  interest  most  of  our  readers. — Eds.] 
To  the  Editor  of  Engineering : 

For  the  past  four  years  I  have  noticed  in  the  columns  of  your 
valuable  paper,  and  in  other  papers,  long  articles  on  what  is  called 
the  "Fairlie  Engine."  I  have  received  pamphlets  and  accounts  of 
trials  of  the  "  Fairlie  Engine,"  and  I  have  seen  evidence  enough 
to  prove,  as  far  as  mere  statements  can  prove  a  thing,  that  this  so- 
called  Fairlie  Engine  is  a  big  wonder,  and  that  its  merits,  if  it  has 
any,  are  being  pushed  by  a  man  of  energy  and  activity,  who  has  by 
this  time  probably  brought  it  to  as  near  perfection  as  it  is  capable 
of  being  brought.  Having  for  years  been  deeply  interested  in 
Mountain  Railways,  where  steep  gradients  and  numerous  sharp 
curves  became  a  necessity  in  climbing  to  summits  of  great  eleva- 
tion, I  naturally  studied  all  the  mechanical  contrivances  and  inven- 
tions applied  to  locomotives  to  overcome  these  difficulties.  It  be- 
came a  necessity,  long  years  ago,  in  the  railway  practice  of  the 
United  States,  to  have  locomotives  and  cars  also  that  would  tra- 
verse sharp  curves,  and  steep  gradients  on  mountain  sides,  during 


Thr  l-',tirll>-  Ku'iliw.  108 

t.lic  .storms  and  fio.-l.s  of  wiiilcr,  wlioii  all  irro;_MiIaritios  of  track 
woro  hold  as  in  a  giaiit'H  vicu  and  irrei)aral)lc ;  al.so  during  th«! 
.sj>rin^,  wluMi  tliis  }^iant'H  ^M-ip  was  loosciicil,  and  mud  took  tlio  fdac^*: 
of  adamantiiHi  hardness;  and  to  do  this  with  .s|)r(;d  and  .safety,  that 
was  tlio  problem  to  Ix;  solved,  and  it  was  solved  by  th«.' adoption  of 
a  swivclin;^  truek  under  th(5  forward  j)art  of  the  loeoin(;tivc,  wliich 
was  ealled  a  ]iogie,  after  a  two-wheeled  vehiele  of  that  name  used 
in  the  streets  of  Neweastle,  in  Kngland.  This  was  done  at  the 
reeomtnendation  of  George  Ste[)henson,  ho  liaving  propos(.'d  it  to 
Robert  Tj.  Stephens,  of  the  U.  S.,  in  LS.'J'J.  After  listening  to  the 
diHicullies  we  must  face  in  adopting  railways  in  this  country,  I  re- 
ceived this  information  as  to  the  origin  of  the  name,  and  the  first 
introduction  of  the  15ogic  in  railway  practice,  from  Mr,  liobert 
Stephenson,  in  London,  185o.  I  cannot  here  refrain  from  express- 
ing my  belief  that  had  George  Stei)henson  lived  a  few  years  longer, 
with  the  inlluencc,  and  wonderful  mechanical  instinct,  that  rare 
gift  which  he  possessed  in  such  abundance,  the  great  merits  of  the 
Bogie  system  would  have  been  acknowledged  and  adopted  through- 
out the  whole  United  Kingdom,  as  well  as  in  the  United  States. 
And  it  may  possibly  have  been  the  case  that  one  or  more  of  your 
readers  would  have  opened  their  eyes  to  the  fact  that  England 
owed  a  Dukedom  to  George  Stephenson  more  than  she  ever  owed 
it  to  any  other  mortal.  The  Bogie  was  adopted  in  this  country ; 
it  had  an  English  origin,  but  here  is  its  home ;  here  it  has  been 
petted,  and  nursed,  and  twisted,  and  turned,  and  made  to  do  all 
manner  of  things,  in  running  around  corners  of  streets  and  making 
itself  feel  at  home  everywhere,  on  50,000  miles  of  track,  good 
track  (if  you  will  allow  we  have  such  a  thing)  and  bad  track, 
rough  track  and  smooth  track,  up  hill  and  down  hill,  over  the  mud 
of  spring  and  the  frost  of  winter,  through  rain  storms  and  snow 
storms,  over  mountains  and  under  mountains,  from  ocean  to  ocean, 
in  almost  endless  forests,  over  trackless  bogs  and  rolling  prairies, 
where  ballast  is  unknown  and  unattainable.  In  the  dreary  North 
and  the  sunny  South,  there  is  not  a  minute  in  the  day  or  night 
"  when  the  voice  of  the  Bogie  is  not  heard  in  the  land  "  (/  mean 
the  meritorious,  2^^cuniary,  dividend-making,  rail-saving  ^^ voice '^), 
as  it  carries  above  it  the  eagle  eye  of  the  engine  driver  and  the  life 
of  the  sleeping  passenger,  as  thousands  on  thousands  of  them  are 
whirled  through  space  in  safety,  as  far  as  the  Bogie  is  responsible. 
We  claim  the  Bogie  as  ours ;  we  love  it,  place  our  faith  in  it,  and 
defy  any  other  people  to  make  it  do  more  for  them  than  it  has 
done  for  us.  When  Mr.  Fairlie  took  up  the  long  exploded  idea  of 
a  double  Bogie  Engine  to  work  sharp  curves  and  climb  mountain 
gradients,  he  jumped  out  of  a  groove,  in  which  he  had  seen  only 
the  stereotyped  model  engines  which  your  paper  in  October,  18db, 
very  wittily  termed  a  six-footed  beast.  He  did  not  know  that  such 
engines  on  our  roads  would  ruin  us  in  a  year ;  he  did  not  know 
what  wonders  we  had  made  the  Bogie  perform  in  its  dress  of  late 
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years,  of  radial  bars,  swing-links,  and  equalizing  levers  fore  and 
aft,  and  cross- ways;  and  what  is  more,  lie  did  not,  would  not,  and 
could  not  see  it  when  he  came  here.  Although  it  was  shown  to 
him,  by  the  most  extensive  engine  builder  in  this  country,  he  in- 
sisted that  what  he  saw  was  not  so.  If  Mr.  Fairlie  had  seen  things 
as  they  were,  and  not  as  he  wished  them  to  be ;  if  he  had  possessed 
a  portion  of  the  mechanical  instinct  that  made  George  Stephenson's 
name  a  pride  throughout  the  engineering  world,  he  would  have  re- 
turned to  England  (as  an  English  engineer  said  to  me  a  short  time 
since)  a  wiser  man,  for  he  could  have  seen  on  many  railways  in 
the  U.  S.  that  American  Engineers  have  done  with  the  single  Bogie, 
and  its  various  mechanical  appliances,  more  than  he  has  ever  done, 
or  ever  can  do,  with  his  double  Bogie  engine  ;  he  could  have  saved 
himself  much  trouble,  waste  of  precious  time,  and  anxiety  of  mind, 
over  an  invention  which  is  condemned  by  the  leading  locomotive 
engineers  of  the  world,  and  particularly  the  engineers  of  England, 
and  he  would  probably  have  saved  some  railway  companies  con- 
siderable sums  of  money.  Having  said  so  much,  and  intending  to 
say  more,  in  the  way  of  criticism,  and  in  the  face  of  the  opinion  of  the 
great  London  Times^  and  the  certificates  of  Dukes  and  Counts,  that 
this  so-called  Eairlie  Engine  is  a  wonder,  I  will  add  that  when  Mr. 
Fairlie  can  show  me  on  mountain  grades  and  sharp  curves  as  much 
work  done  in  proportion  to  weight  on  drivers,  and  at  the  same 
cost,  as  I  can  show  done  by  American  Engines,  I  will  become  a 
convert,  adopt  his  system,  and  give  him  the  entire  benefit  of  it,  if 
he  can  prove  to  me  that  any  part  of  it  had  its  origin  in  his  brain. 

Wishing  to  know  the  comparative  merits  of  the  so-called  Fairlie 
and  the  American  Bogie  Engine,  I  have,  thinking  that  figures  put 
down  in  all  honesty  would  not  lie,  taken  trials  of  two  of  the  Fair- 
lie  Engines  as  printed  by  himself,  and  vouched  for  by  a  Duke,  a 
Count,  and  other  railway  experts,   and  put  them  by  the  side  of 
trials  of  engines  built  under  my  direction,,  and  experimented  with 
one  in  Chile  by  order   of  that   Grovernment,  and  one  in  Peru  by 
order  of  that  Government,  both  trials  being  witnessed  by  English 
engineers.     I  send  you  a  copy  of  this  table  of  comparisons;    it' 
speaks  for  itself.     I  have  brought  the  whole  four  trials  down,  as, 
near  as  it  can.be  done,  to  one  standard,  which  you  will  find  at  the, 
bottom.     It  is  "foot-pounds"  of  work  done  in  lifting  train  alone, 
exclusive  of  engine,  per  hour,  per  ton  of  weight  on  drivers,  calcu- 
lated from  weight  of  train,  speed  per  hour,  and  elevation  overcome. 

Memoranda  in- reference  to  Engine  Comparisons. 

1st.  In  calculating  atmospheric  resistance  I  have  used  the  front- 
age formulae,  not  having  the  cubic  feet  of  bulk  in  the  train,  the 
only  proper  data  from  which  to  calculate  the  atmospheric  resist- 
tance ;  the  total  amounts,  in  the  cases  stated,  are  not  important,  as 
the  speed  was  not  great. 


lid,  'l'li(!  Aiiniicaii  cnj^iiics  \v<;rc,  numiiiL^  (jij  Lr.'ick.s  buill  l>y 
Ainoriciuis,  and  ill  iIk;  AiiKM-icaii  clKiap  style;  while  tlio  Fairlie 
t'li^MMCM  Nvcru  niiiiiiii^  on  J^ltiglisli  railwjiy  trucks,  which  ure,  in 
l'!ii;i;hiii(l  ill  KiJist,  (Considered  to  he  the  hest  in  the  world, 

iJd,  'JMie  "San  IJiM'nanh)"  was  rnnnin^^  on  u  track  whicli  wa,H  e.s- 
siMitiully  straiglit,  tlie  niiidinutn  curvature  bein;^  0,502  ft.  radius. 
Tho  "Conquistador"  wa.s  run  on  a  track  full  of  curves  of  .'ioO  ft 
radius,  combined  witli  gradients  of  .''>  per  cent,  (151  ft.  per  mile), 
and  eiu;ounterin<^  long  gradients  of  4  per  cent,  (211  ft  ])er  rnile), 
coinhiucd  with  curves  of  greater  radius.  The  data  for  comj^arison 
was  taken  while  running  on  the  4  per  cent,  gradients,  with  {)oor 
I'uel  and  bad  water.  This,  in  a  measure,  accounts  for  the  wide 
dilVerence  between  the  performance  of  the  two  American  engines, 
lor  ]),  K,  Clark,  in  his  work  on  Locomotives,  say.s,  i)agc  207  :  "It 
was  estimated  that  a  curvey  line,  having  (jne  curve  under  one  mile 
railius  for  every  two  and  a  half  miles,  incurred  an  excess  of  resis- 
tance equal  to  20  per  cent,  of  that  due  to  a  line  practically  .straight." 

•4th,  In  the  table,  the  Fairlie  engine,  "  Progress,"  is  taken  at  54 
tons.  Colburn  told  me  he  weighed  this  engine,  and  found  it  to 
weigli  over  GO  tons. 

5th.  The  only  lair  and  perfectly  reliable  way  to  test  engine  per- 
formances, is  to  get  them  on  the  same  track,  under  the  same  con- 
ditions. But  in  the  above  table  of  comparisons  the  differences  are 
so  enormous  that  it  is  easy  to  tell  where  the  greatest  merit  lies. 

6th.  Engine  frictions  vary  greatly,  but  for  the  above  calculations 
10  lbs.  per  ton  is  taken  as  a  fair  average  for  all.  Fairlie  calls  the 
Irictious  of  his  engines  18  lbs.  per  ton. 

7th.  There  is  no  allowance  made  in  the  table  for  adhesion,  being 
less  on  the  steep  gradients  than  on  ordinary  easy  gradients. 

8th.  The  American  engines  in  both  trials  showed  their  abilitv 
to  make  all  the  steam  required  on  the'  maximim  gradients,  in  fact 
the  fire  door  of  the  "  San  Bernardo"  had  to  be  kept  open  most  of 
the  time  to  keep  her  steam  down  to  115  pounds,  the  limit  agreed 
on ;  the  Fairlie  engines  failed  to  make  the  steam  required. 

9th.  The  Fairlie  engine,  "  Progress,"  could  not  start  her  train  of 
472  tons  on  a  gradient  of  1  in  90  with  150  pounds  of  steam  ;  the 
"  San  Bernardo,"  with  less  than  one-third  of  the  weight  on  drivers, 
started  a  train  of  559  gross  tons,  and  one  brake  screwed  down,  on 
a  grade  of  1  in  400,  with  118.  pounds  of  steam. 

10th.  Fairlie's  data  for  calculations  is  not  complete.  The  most 
favorable  in  his  pamphlet  for  the  "  Progress"  is  that  she  was  run- 
ning with  476  tons  at  8  miles  per  hour,  with  140  pounds  of  steam, 
up  a  gradient  of  1  in  90. 

W.  W.    EVAIs"S. 

New  York,  Sept.  11,  1870. 
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BELTING  FACTS  AND  FIGURES. 

l'>\    .1      II.    Ciiol'Klt. 

(('oriliiMH-il  IViiiii  |)iigu2J.) 

Pittjcs  Piiliiil  'J'((nncil  LtAillur  Jiilliiuj. — 'I'liis  cx<;(jlleiil 
K'litlior  is  ni:i(lo  by  Ptigo  lirothur.M,  in  Franklin,  X.  JI,  It  i^ 
grcjitoi'iiliahilily,  strength  :ui(l  (lurability  than  the  ordinary  tannage, 
will  endure  moisture  better,  is  ligliter,  adheres  to  glue  and  cement 
as  well  as  any  belling,  and,  being  softer,  will  answer  better  for 
round  belts.  It  lias  been  thorouglily  and  successfully  tried,  and 
costs  no  nioio  than  wi-Il  made  oak-tanned  belting. 

A  trial  showed  twenty-five  per  cent,  more  adhesive  power  liian 
hard  oak  or  hemlock  tanned  leathers,  and  a  test  of  strength  proved 
that,  while  1(»5<>  pounds  broke  an  l|-inch  wide  oak-tanned  belt, 
it  required  1850  pounds  to  break  tlic  same  size  Page  belt. 

The  single  belts  arc  |-incli,  the  light  double  belts  /^j-inch,  and 
the  heavy  double  J-inch  thick. 

The  light  double  belts,  which  are  about  the  same  price  as  best 
single,  work  well  on  cone  and  flange  pulleys,  and,  of  course,  very 
well  where  runnino;  free  and  where  much  shifted. 

The  adhesive  powTr  of  this  belting  is  so  great  that  the  single  belts 
will  not  do  well  on  cone  or  flanged  pulleys,  but  run  up  the  flange 
and  turn  over. 

Mr.  A.  K.  Eider,  of  De  Lamatre  Iron  Works,  X.  Y.,  has  favored 
me  with  the  following  : — "  Our  rule,  which  appears  to  work  well 
and  gives  very  satisfactory  results,  is  based  on  the  assumption  that 
a  belt  one  inch  wide,  when  properly  surfaced  and  sufficiently  tight, 
and  bearing  on  not  less  than  one-third  the  circumference  of  smaller 
pulley,  will  transmit  a  force  of  19|-  pounds  at  any  velocity.  The 
power  of  a  belt,  in  foot  pounds,  is  thus  readily  obtained  by  multi- 
plying its  velocity  in  feet  per  minute  by  its  width  in  inches,  and 
again  by  19 1.  The  generally  received  rule  is,  l-li  square  feet  of 
surface  passing  per  minute  equals  one  H.  P.,  and  the  cohesive  strength 
of  good  belting  is  taken  at  -±000  pounds  per  square  inch  of  section 
as  its  breaking  strength." 

Friction  of  Belts. — "The  friction  of  belts  upon  pulle\-s  depends 
Upon  the  extent  to  which  they  are  tightened,  the  extent  of  circum- 
ference with  which  the}^  are  in  contact,  and  their  breadth.  It  is 
commonly  believed  that  the  greater  the  diameter  of  pulley,  the 
more  surely  does  the  belt  cause  it  to  revolve  without  slipping. 
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Theoretically,  however,  and  we  believe  practically,  it  will  be  found 
that,  with  equal  degrees  of  tightness,  equal  breadth  of  belt,  and 
equal  circumstances  as  to  perfection  of  contact,  the  friction  of  a  belt 
on  the  circumference  of  a  pulley  is  the  sam.e,  whatever  be  its  dia- 
meter. The  only  circumstance  that  can  affect  the  constancy  of  the 
result,  is  that  belts  not  being  perfectly  flexible,  lie  more  closely  to 
surfaces  curved  to  a  large  radius  than  to  those  of  smaller  radius. 
When  a  certain  amount  of  power  has  to  be  communicated  through 
a  belt,  the  speed  at  which  the  belt  moves  has  to  be  taken  into  ac- 
count, because  power  being  pressure  multiplied  by  velocity,  the 
greater  the  velocity  with  which  the  power  is  transmitted,  the  less 
the  pressure  that  has  to  be  communicated  at  that  speed,  In  this 
sense,  then,  it  appears  that  the  larger  the  pulley  the  less  is  the  slip 
of  the  belt,  because  the  greater  the  circumference  of  the  pulley,  re- 
volving at  a  given  angular  velocity,  the  greater  is  its  absolute  velo- 
city through  space,  and  therefore  the  less  the  pressure  required  to 
communicate  a  given  power. 

"  It  is  found,  practically,  that  a  leather  belt  8  inches  wide,  em- 
bracing half  the  circumference  of  a  smoothly-turned  iron  pulley, 
and  traveling  at  the  rate  of  100  feet  per  minute,  can  communicate 
one  horse-power. 

''  When  less  than  half  the  circumference  of  the  pulley  is  embraced, 
the  strap  must  be  proportionally  wider ;  and  when  more  than  half 
the  circumference  is  embraced,  its  width  may  be  less. 

"The  law  according  to  which  the  friction  of  a  belt  increases  with 
an  increased  arc  of  contact,  is  of  a  peculiar  character ;  but  may  be 
readily  understood  by  comparing  the  friction  on  arcs  of  different 
lengths.  If  a  pulley  (of  any  diameter  whatever)  were  prevented 
from  revolving,  and  a  belt  passing  over  part  of  its  circumference 
were  stretched  by  a  certain  weight  at  each  end,  additions  might  be 
made  to  the  weight  at  one  end  until  the  belt  began  to  slip  over  the 
pulley.  The  ratio  which  the  weight  so  increased  might  bear  to  the 
weight  at  the  other  end,  would  measure  the  amount  of  friction. 

"For  exam. pie,  in  experiments  made  to  test  a  theoretical  investi- 
gation on  this  subject,  a  belt  passing  over  a  pulley  in  contact  with 
60°  of  its  circumference,  was  stretched  by  a  weight  of  10  pounds 
at  each  end.  One  of  the  weights  was  increased  until  it  amounted  to 
16  pounds,  when  the  belt  began  to  slip.  The  ratio  of  16  to  10,  or 
\  ^  =  1*6  was  then  the  measure  of  the  friction.  When  20  pounds 
at  each  end  were  used  to  stretch  the  belt,  the  one  weight  was  in- 
creased to  32  poundSj  giving  the  ratio  of  o§  =  1"6,  the  same  as  be- 
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rnic;  .iikI  liUcwisc,  wlini  ,")  poiiiidH  wi're  wnvA  lor  Mtrutchiiig,  ihc 
ui'i;^lit  ;il  (nu)  iMid  was  iiicrcnHocl  to  8  pouiidM,  giving  Htill  the  name 

ratio,  J  ■■=:  1(5.  So  far,  tlic'ii,  liio  (Vi(.'tioii  was  jirrcisrly  proporlioiial 
It)  tlio  stnitcliiii^  wci'-'lit,  as  iiiij.;)it  liavn  boiMi  cxpjctcd  from  iho 
ordinarily  riHU'ivod  doctriiio  on  llie  subject  of  frictiotj.  On  extend* 
iii«;  tlio  arc  ol"  contact  to  120 ',  tlio  ratio  wjw  foiunl  to  Ihj  2'6^{,  or 
I'd-  And  a^ain,  on  cnd)racing  180  '  tli<;  ratio  was  found  to  be  4*1, 
or  very  nearly  \[\^ 

"  The  tlieoretieal  investigation  brought  out  this  result  indcj)eml- 
eiitly,  and  the  following  law  may  therefore  be  taken  as  rstablishe<l : 

"If,  for  any  given  arc  of  contact,  tlic  one  weight  i»ears  to  the 
other,  nt  the  point  of  slipping,  a  certain  ratio — for  double  the  arc, 
the  ratio  will  be  squared;  for  triple  the  arc,  it  will  be  cubed;  for 
four  times  the  arc  it  will  be  raised  to  the  fourth  j)ower;  and  so  on. 

"In  all  cases,  however,  mucli  depends  on  tlie  tiglitncssof  thebelt, 
the  limits  to  the  force  with  which  it  is  strained  being,  first,  the  ten- 
sile strength  of  the  belt  itself,  and,  secondly,  the  amount  of  pressure 
that  it  may  be  convenient  to  throw  upon  the  shaft  and  its  bearings. 
New  belts  become  extended  by  use,  and  it  is  therefore  frequently 
necessary  to  shorten  them.  Before  use,  they  should  be  strained  for 
some  time  by  weights  suspended  from  them,  so  as  to  leave  less 
room  for  extension  while  in  use.  "Wherever  belts  are  emploved, 
they  should  be  of  the  greatest  breadth,  and  travel  at  the  greatest 
speed  consistent  with  convenience,  as  it  is  most  important  to  have 
the  requisite  strength  in  the  form  best  suited  to  flexure,  and  the 
least  possible  strain  on  the  shafts  and  bearings. 

"When  ropes  or  chains  are  employed,  as  in  cranes,  capstans, 
windlasses,  or  the  like,  for  raising  heavy  weights  or  resisting  great 
strains,  the  requisite  amount  of  friction  is  obtained  by  coiling  them 
more  than  once  round  the  barrel  of  the  apparatus.  It  is  found  that 
one  complete  coil  of  a  rope  produces  a  friction  equivalent  to  nine 
times  the  tension  on  the  rope,  the  barrel  being  fixed.  Two  com- 
plete coils  of  the  rope  produces  a  friction  equivalent  to  9  X  9  times 
the  tension,  and  so  on.  The  diameter  of  the  barrel  does  not  affect 
the  result. 

"Having  regard  to  these  facts,  we  may  readily  understand  the 
force  with  which  a  knot  on  a  cord  or  rope  resists  the  slip  of  the 
coils  of  which  it  consists,  for  the  several  parts  of  the  cord  act  as 
small  barrels,  round  which  the  other  parts  are  coiled ;  and  the  yield- 
ing nature  of  the  material  of  which  the  barrels  are  composed,  per- 
mits the  coils  to  become  impressed  into  their  substance  on  the 
application  of  force,  and  prevents  them  from  slipping  more  effectu- 
ally than  if  they  were  coiled  on  a  hard  and  resisting  barrel." — From 
Wyldes  Circle  of  the  Sciences.  London. 

(To  be  continued.) 
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ON  AMMONIUM  AND  THE  SOLUBILITY  OF  METALS  WITHOUT 
CHEMICAL  ACTION. 

By  Chas.  a.  Seely. 

In  April  and  Ma)^  last  it  came  in  mv  way  to  make  a  pretty  care- 
ful study  of  the  constitution  of  the  so-called  ammonium  amalgam, 
and  on  May  9th,  I  reported  to  the  Lyceum  of  Natural  History  of 
New  York  what  I  had  done  in  the  matter  up  to  that  time.  Subse- 
quently, I  continued  the  study,  and  was  led  to  the  discovery  of 
the  solubility  of  the  alkali  metals  in  anhydrous  ammonia,  an  ac- 
count of  which  formed  a  paper  read  at  the  Troy  meeting  of  the 
American  Association  for  the  Advancement  of  Science.  Neither 
of  these  communications  have  been  printed  ;  the  first  was  oral,  and 
the  latter  was  lost.  The  present  pa|)er  is  intended  to  be  a  concise 
and  authoritative  statement  of  the  contents  of  the  two  papers  and 
as  a  substitute  for  them. 

In  the  Lyceum  communication  I  proved  that  the  so-called  am- 
monium amalgam  is  in  fact  no  amalgam  at  all,  but  a  metallic  froth 
of  which  the  liquid  part  is  mercury  and  the  gaseous  part  a  mixture 
of  hydrogen  and  ammonia.  This  conception  of  the  nature  of  the 
substance  was  at  that  time  not  altogether  novel,  but  the  considera- 
tions through  which  the  conclusion  was  reached,  were  believed  to 
be  new  and  of  such  moment  that  taken  together  they  have  the  effect 
of  a  demonstration.     The  considerations  were  these: 

1st.  In  the  formation  of  ammonium  amalgam  the  mercury  is  in- 
creased in  bulk  tenfold  or  more,  while  in  weight  it  is  increased 
only  one  or  two  thousandths.  This  fact  would  be  easily  predicted 
by  the  froth  theory  while  otherwise  it  is  anomolous  and  utterly 
inexplicable. 

2d,  Ammonium  amalgam  has  less  of  the  mirror  surface  than 
mercury ;  it  approaches  in  appearance  the  whiteness  and  lack  of 
lustre  of  mat  silver.  This  fact  also  finds  a  satisfactory  explanation 
in  the  froth  theory. 

od.  Ammonium  amalgam  is  readily  compressible  ;  when  confined 
in  a  fire  syringe  it  steadily  contracts  on  forcing  down  the  piston 
till  the  original  bulk  of  the  mercury  is  almost  reached,  and  on  re- 
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lit'viii;.^  tlir   proMMuro  tlic  (jrij^inal  volurno  and  u{i|K;arancc  arc  re- 
sinned.    It  is  unly  a  froth  wiiicli  l>eliavoii  in  tbiit  manner. 

Kitlioril)  (»r  (.'i)  will  l)o  conrluMivtj  to  m:i: 
\\'>Y\siWi\  i\A  i\  \'my  rxjti'rimentiiin  rrnci.i.     The  < 
siin^  is  easy  to  execute,  and  an  elegant  experiment  for  the  locturC' 
room.     'I'lie  eoiulensation  i.s  .soinewiiat  greater  tlian  in  tli 
atniD.splu'ric  air  for  the  reason  that  .some  of  the  atnmonia  ^  . 
into  the  li(iuid  state. 

Having  eoticluded  that  tlie  ammonium  amalgam  is  a  mercuric 
IVoth,  a  very  inijiortant  (juc-^tion  presents  itself:  Why  and  liow  do 
niotul  and  gases  become  mingled?  A  froth  is  a  meclianica!  mix- 
ture, and  in  all  ordinary  cases  tlie  manner  of  mi.vingand  the  forces 
<ngagcdare(iuitc  evident.  In  the  formation  of  the  mercuric!  froth,  tlic 
mercury  covered  by  a  watery  solution  rises  up  spontaneously  into  the 
comparatively  light  water,  and  the  still  lighter  ga.ses  descend  into  the 
mercury  and  mingle  with  it  until  they  become  diffused  through  its 
whole  mass.  What  are  the  forces  which  thus  overpower  the  action 
of  gravity?  Moreover,  a  froth  implies  a  certain  viscosity  or  plas- 
ticity of  the  liquid  which  seems  not  to  be  possessed  by  the  mercury 
in  its  normal  condition.  Do  hydrogen  and  ammonia  in  their  nas- 
cent state  have  the  power  to  modify  the  physical  properties  of  mer- 
cury ?  The  production  of  mercuric  froth  as  a  fact  of  physics  simply 
may  seem  anomolous  and  paradoxical.  Is  it  necessary  after  all  to 
admit  the  existence  of  an  ammonium  amalgam,  not  of  course  as  a 
constituent  of  the  mercuric  froth,  but  as  a  condition  precedent  of  the 
formation  of  the  latter, — in  other  words,  of  another  ammonium 
amalgam  to  satisfv  a  new  theory  ? 

I  was  making  satisfactory  progress  in  the  investigation  of  the 
theory  of  mercuric  froth  when,  early  in  May,  my  attention  was 
diverted  to  the  researches  of  Weyl  on  ammonium  and  compound 
ammouiums  as  reported  in  Watt's  Dictionary  (particle,  Sodium), 
and  in  the  last  edition  of  Foicnes''  Chemistry;  subsequently, 
I  compared  Weyl's  original  memoirs  in  Poggendorff's  Annalen  of 
1864.  WeyTs  statements  and  conclusions  were  quite  at  variance 
with  my  own  views ;  his  alleged  facts  were  inconsistent  with  my 
own  experience.  We}'!,  it  appeared,  had  actually  isolated  ammo- 
nium ;  if  he  represented  the  facts  correctly  all  m}-  work  needed 
revision  .  I  therefore  at  once  devoted  ray  whole  care  to  a  verifica- 
tion of  his  results.  I  repeated  his  experiments,  some  of  them  many 
times,  and  with  such  precautions,  modifications  and  additions  as  the 
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case  seemed  to  require.  The  result  of  all  is  that  I  find  that  We}^ 
has  had  onlj  an  imperfect  apprehension  of  the  fundamental  facts, 
and  that  thus  building  on  a  weak  foundation  the  superstructure  of 
reasoning  and  conclusion  cannot  stand.  For  the  purpose  of  pre- 
senting in  a  clearer  light  what  I  suppose  to  be  of  more  interest 
to  the  chemical  world,  I  dismiss,  for  the  time,  the  consideration  of 
Weyl's  vicAvs,  and  I  proceed  to  give  what  in  my  judgment  are  the 
proved  ph3^sical  and  chemical  facts. 

This  discussion  involves  the  relation  of  ammonia  to  the  alkali 
metals,  and  the  results  which  grow  out  of  that  relation.  Now,  the 
key  to  the  whole  subject  is  the  fact  that  liquid  anhydrous  ammonia 
is  a  solvent,  without  definite  chemical  action,  of  the  alkali  metals. 
I  mean  that  these  metals  dissolve  in  the  ammonia  as  salt  dissolves 
in  water, — the  solid  disappears  in  the  liquid,  and  on  evaporating 
the  liquid,  the  solid  reappears  in  its  original  form  and  character. 
There  is  no  definite  atomic  action  in  any  such  cases  ;  the  compo- 
nents of  the  solution  are  not  changed  in  their  chemical  relations  to 
other  substances. 

I  began  my  experiments  by  bringing  together  ammonia  and  the 
metals  in  sealed  inverted  U-shaped  glass  tubes.  Chloride  of  silver 
saturated  with  ammonia  was  placed  in  one  leg  of  the  tube,  and  the 
metal  under  test  in  the  other ;  the  chloride  of  silver  leg  being 
immersed  in  boiling  water,  and  the  other  in  ice-cold  water,  the  am- 
monia was  liberated  and  passing  over  was  gradually  condensed 
on  the  metal.  Such  an  arrangement,  although  sufficient  to  demon- 
strate the  fact  of  the  solution  of  the  metal,  proved  inconvenient  in 
several  respects ;  the  tube  is  liable  to  burst,  the  experiment  can  be 
made  only  on  a  pretty  small  scale,  the  chloride  of  silver  does  not 
absorb  a  desirable  amount  of  ammonia,  and  by  reason  of  its  fusing 
or  agglomerating,  the  rapidity  of  its  absorption  varies  greatly.  I 
therefore  constructed  an  ammonia  generator  or  retort  of  iron,  to  the 
horizontal  neck  of  which  turned  downward  at  its  end,  I  attached  by 
means  of  an  iron  screw  coupling  the  stout  glass  tube  containing  the 
metal  or  other  substance  to  be  subjected  to  the  ammonia.  In  the 
place  of  the  chloride  of  silver  I  substituted  anhydrous  chloride  of 
calcium  saturated  at  32°  Fahr.  with  anhydrous  ammonia.  With 
this  arrangement  the  experiments  were  continued  with  compara- 
tive ease  and  expedition. 

When  sodium  is  subjected  in  this  apparatus  to  the  condensing 
ammonia,  before  any  ammonia   is   visibly  condensed  to  the  liquid 
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.staU;,  il  ;j;r;i<Iu;illy  Ioscm  its  Imtn?,  becomes  of  :i  «l;irk  hue,  aiul  in- 
eroasus  in  liiiliv.  'Diu  solid  ili(;ii  npiicars  to  Iracoriio  pnMty,  and  nt 
last  wo  liavo  only  a  liotno^cMieoiis  iiiohilu  li(|iii<l.  During  the  lir|tji- 
laDtion,  and  for  a  liltit)  fiino  allor,  tljt;  masH  is  of  a  lustrous,  copjicr- 
r(>d  litio;  tlie  coiiduiisatioii  of  tlu)  ariuiionia  and  its  iiiingliti^  with 
the  Ii(iuid  steadily  goes  on,  th(!  liquid  is  progrosaivoly  dilutCil,  an<l 
passing  tlirouj^h  a  variety  of  tints  by  reflected  light  at  last  it  Ikj- 
oona's  plainly  transparent  ami  of  a  lively  blue  as  well  by  relleetcd 
as  by  transmitted  light;  the  liquid  now  elosfdy  resembles  a  solu- 
tion of  aniline  blue  or  other  j)ure  blue  dyestufl*  On  revcrsin;;  the 
process  by  cooling  the  ammonia  generator,  the  ammonia  gradually 
evaporates  out  of  the  li(iuid,  and  tlie  changes  observed  during  the 
condensation  reappear  in  the  reverse  order,  till  at  last  the  sodium 
is  restored  to  its  original  bright  metallic  state.  If  the  evaporation 
bo  conducted  slowlv  ;ind  ([uietly  the  sodium  is  left  in  crystals  of  the 
forms  seen  in  snow.  The  formation  of  the  transparent  blue  liquid, 
and  the  restoration  of  the  sodium  arc  steadily  progressive,  and  the 
repeated  and  closest  scrutiny  of  the  process  has  failel  to  reveal  the 
slightest  break  or  irregularity  in  its  continuity.  The  inevitable 
conclusion  from  such  facts  is  that  the  blue  liquid  is  a  simple  solu- 
tion of  sodium  in  ammonia,  not  at  all  coinplicatcd  or  modified  by 
any  definite  chemical  action. 

If  crystallized  sodium  amalgam  be  made  to  replace  the  sodium 
in  the  experiment  it  remains  unchanged  although  it  is  probable 
enough  that  at  a  higher  temperature  or  with  a  larger  excess  of  so- 
dium, some  of  the  sodium  would  be  removed.  This  interesting 
fact  is  consistent  with  the  simple  solubility  of  sodium  in  ammonia, 
and  indeed  is  some  confirmation  of  it.  The  force,  whatever  it  be, 
which  keeps  together  sodium  and  mercury  is  certainly  weaker  than 
that  exhibited  between  sodium  and  ammonia.  If  sodium  amalgam 
is  not  a  definite  chemical  compound,  then  surely  the  blue  liquid 
cannot  be.  I  have  not  yet  made  the  experiment  to  determine 
whether  mercury  will  remove  sodium  from  its  amraoniacal  solution, 
but  it  seems  extremely  probable  that  it  would  so  act. 

The  brilliant  and  varied  colors  exhibited  in  the  experiment  mav 
seem  anomalous  to  some,  when,  in  fact,  a  closer  scrutiny  of  the  case 
will  show  that  they  might  have  been  predicted.  Sodium  appears 
white  to  the  eye,  but  with  the  white  light  reflected  from  its  surface 
to  the  eye,  there  are  always  mingled  red  rays.  If  most  of  the  inci- 
dent white  light  were  normally  .decomposed,  sodium  would  appear 
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as  a  brilliant  red  metal.  Ammonia  favors  sucli  a  decomposition 
probably  by  reducing  the  density  and  opacity  of  the  surface,  and 
thus  the  concentrated  solution  of  sodium  is  lustrous  copper-red  by 
reflected  light.  What  should  be  the  color  by  transmitted  light  ? 
Not  red,  for  the  red  rays  do  not  penetrate  the  substance ;  the  color 
must  be  looked  for  in  that  which  is  complementary  to  red ;  it  must 
be  blue  or  3^ellow  or  combinations  of  these.  A  continuance  of  the 
argument  will  bring  the  conclusion  that  the  color  by  transmitted 
light  will  be  blue.  Intense  blue  tinctorial  substance,  like  aniline 
blue,  indigo  and  Prussian  blue,  all  illustrate  the  phenomena  of  color 
of  the  sodium  solution  ;  they  are  metallic  red  when  concentrated,  and 
if  the  solvent  be  applied  in  vapor  as  in  the  sodium  dissolving  experi- 
ment, there  will  be  the  same  modification  of  color  exhibited.  Sodium 
has  a  remarkable  tinctorial  power  which  seems  not  to  be  surpassed 
by  that  of  any  of  the  aniline  colors.* 

If  a  salt  of  a  metal  electrically  negative  to  sodium  be  subjected  with 
the  sodium  to  the  ammonia,  in  the  apparatus,  the  sodium  will  re- 
place the  negative  metal,  and  the  latter  will  be  reduced  to  the  sim- 
ple state.  This  reduction  seems  always  to  be  accompanied  with 
the  evolution  of  heat,  but  does  not  commence  till  a  visible  quan- 
tity of  the  sodium  solutionis  formed.  It  is  possible  that  there  may 
be  exceptions  to  these  generalizations.  I  need  only  say  that  they 
seem  extremely  reasonable,  and  are  confirmed  by  a  good  many  ex- 
periments. The  reaction  furnishes  a  very  simple  and  elegant  pro- 
cess for  the  reduction  of  rare  metals.  I  anticipate  that  the  process 
will  prove  of  great  value. 

I  have  heretofore  spoken  of  the  solution  of  sodium  only,  for  the 
reason  that  it  is  a  typical  case,  and  because  demonstrations  can  be 
more  satisfactorily  made  with  it.  Potassium  behaves  towards  am- 
monia in  almost  precisely  the  same  way.  It  is  readily  dissolved, 
the  strong  solution  being  copper-red  and  the  diluted  solution  blue. 
Lithium  gives  also  a  blue  solution,  but  is  not  nearly  so  soluble. 
The  only  other  alkali  metal  I  have  tried  is  rubidium,  and  although 
the  experiment  was  prematurely  ended,  it  had  progressed  far  enough 
to  make  it  almost  certain  that  rubidium  is  soluble  like  potassium, 
and  I  intend,  as  soon  as  I  can  procure  m.aterial,  to  repeat  the  ru- 
bidium experiment. 

Besides  the  metals  named,  I  have  subjected  many  others  to  the 
ammonia,  and  have  found  none  outside  of  the  alkali  metals  which 
are  in  the  least  affected.  I  have  directly  tried  aluminium,  magne- 
sium, thallium,  indium,  mercury  and  copper. 

*  For  a  further  elucidation  of  the  matter  of  this  paragraph  I  would  refer  the 
reader  to  my  paper  on  the  '-Colors  of  Metals,"  printed  in  the  proceedings  of  the 
Lyceum  of  J!^atural  History,  of  New  York,  of  October,  1870. 

Chemical  Laboratory,  26  Pine  Street,  N.  Y. 
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A  NEW  FUHM  OF  SOLAR  EYE-PIECE. 

Uy  Vivy.  S.  I'.  I,AS-.i  i.v. 

Of  l;ilo  viars,  a  I'orm  ol"  solar  oyo  piece  lia«  been  generally  used 
ill  wliicli  a  plane  relloclor  of  iiiisilveretl  glass  in  placed  between 
the  oyo-k'iis  and  tlio  objective,  and  at  an  an;,'le  of  4*/'  witlj  tlicaxi.H 
ol'  tlio  iH)ne  of  rays  frotn  the  latter. 

About  six  jier  cent,  of  the  liglit  is  reflected  to  tlie  eye,  and  tlie 
remainder  transmitted  or  absorbed  by  tlic  glass,  whose  posterior 
siirfaco  is  so  inclined  to  tlic  first  as  to  avoid  any  interference  from 
secondary  reflection.  The  rays  thus  weakened  arc  further  absorbed 
bv  a  dark  glas.s,  whiidi  may  be  of  comparatively  light  tint  a.s  com- 
pared with  that  necessary  for  the  direct  beam. 

^[orc  recently  it  has  occurred  to  many  beside  the  writer,  that 
the  introduction  of  a  second  reflector  would  permit  a  radical  im- 
provement, by  giving  the  power  to  polarize  the  beam.  Solar  eye- 
pieces on  this  principle,  employing  as  many  as  four  reflections,  have 
been  constructed  in  Munich,  and  others,  with  two  or  more,  have 
been  made  in  this  country,  by  Mr.  Tolles,  of  Boston. 

I  have  not  seen  any  of  these  instruments,  but  having  been  at  some 
pains  in  the  construction  of  one  which  cost  a  good  deal  of  experi- 
ment, I  hope  that  this  description  may  be  useful  to  any  one  who 
wishes  another.  The  theory  of  the  instrument  is  too  simple  to  need 
much  explanation. 

Since  the  polarizing  angle  depends  ou  the  refractive  index  of  the 
glass,  for  the  ray,  with  sunlight  a  part  of  the  spectrum,  must  re- 
main unpolarized,  which  is  greater  or  less,  according  to  the  dis- 
persive power  of  the  medium  employed  for  the  reflectors ;  for  these 
should,  of  course,  be  chosen  some  glass  of  moderate  dispersive 
power.  Let  this  be  plate  glass,  and  let  it  be  assumed  that  its  index 
or  refraction  for  some  ray  near  the  green,  or  most  luminous  part  of 
the  spectrum,  is  1"525.  Then,  by  the  use  of  a  familiar  formula,  we 
find  that  the  angle  of  incidence  at  which  this  ray  will  be  completely 
polarized  is  56°  45'.  The  reflectors  should  then  be  cut,  so  that 
their  faces  may  present  a  section  of  the  cylinnder,  made  at  an  angle 
of  33°  15'  with  the  axis.  The  essential  condition  to  secure,  will, 
however,  be  that  the  reflecting  surfaces  are  optically  perfect  planes, 
and  the  successful  use  of  the  instrument  presupposes  the  best  work 
in  this  particular. 
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The  second  surface  may  be  plane,  and  inclined  at  a  suitable  angle 
to  the  first,  or  worked  (as  suggested  by  Sir  John  Herschel  for  a 
similar  purpose)  to  a  concave  figure  ;  the  secondary  reflection  being 
in  either  case  avoided. 

When  the  reflecting  planes  are  parallel,  about  eight  per  cent,  of 
the  light  incident  at  the  angle  of  maximum  polarization  is  received 
from  the  first  surface,  and  eight  per  cent,  of  this  fraction  from  a 
second.  With  three  such  planes,  about  oo'oo  ^^  ^^®  incident  light 
is  reflected.  It  is  significant  of  the  intensity  of  the  solar  radiation 
that  the  light  thus  diluted  two  thousand  times  is  still  intolerably 
bright.  The  beam  is  supposed  here  to  be  still  unpolarized,  but  as 
the  polarization  is  in  any  case  but  partial,  it  becomes  a  question 
how  many  reflections  are  necessary,  and  this  can  only  be  decided  by 
trial.  In  my  experience,  two  are  not  enough  to  give  the  best  re- 
sults, as  with  the  least  dispersive  material  that  can  be  chosen  for 
the  prisms,  enough  light  remains  after  polarization  to  fatigue  the 
eye.  Four  are  unnecessary,  since  I  find  that  with  three  the  light 
may  be  enfeebled,  till  the  eye  finds  it  difficult  to  recognize  the  de- 
tails of  the  solar  surface. 

It  remains  to  describe  the  manner  in  which  these  are  used. 

If  the  rays  concentrated  by  a  large  object-glass  fall  centrally  on 
the  first  reflector,  it  will  heat  equally,  and  be  in  little  danger  of 
injury,  but  if  it  be  placed  so  that  these  rays  are  only  on  part  of  it, 
(which  will  generally  be  the  case  in  examining  the  limb  of  the  sun) 
a  fracture  of  the  glass  is  not  unlikely  to  result.  The  actual  loss  of 
one  in  this  way  led  me  to  the  construction  finally  adopted,  which  is 
nearly  this :  The  first  reflector  is  to  be  larger  than  the  greatest  di- 
ameter of  the  solar  image  in  the  telescope  to  which  it  is  applied.  It 
is  fixed  in  position  and  direction,  and  the  rays  from  the  sun  being 
brought  centrally  on  it,  are  kept  there  by  the  clock-work  of  the 
equatorial.  The  second  and  third  reflectors  have  a  common  motion 
independent  of  the  first,  by  which  they  are  enabled  to  receive  cen- 
trally the  rays  from  any  part  of  it.  This  is  effected  by  mounting 
both  on  a  mechanism  like  the  stage  |)late  of  large  microscopes,  while 
the  third  reflector  has  a  motion  of  rotation  about  the  line  joining 
its  centre  with  that  of  the  second. 

When  the  three  planes  are  parallel,  the  light  is  enfeebled  by  re- 
flection only,  but  when,  in  addition,  the  third  is  turned  through  an 
angle  of  90°  from  this  position,  the  light  of  the  sun,  even  when  re- 
ceived from  the  full  aperture  of  a  13-inch  lens,  emerges  free  from 
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udvenlilious  vaAuv,  uiul  of  sciirco  sullicicnt  iiit(;n.sity  fur  llic  rc.'idy 
observation  oi' details.  It  is,  of  course,  only  necessary  to  turn  the 
prism  tlirougli  more  or  less  than  UC^  to  obtain  every  gradation  of 
light  up  to  cla'//liiig  briglitnc.-s,  and  this  extreme  facility  of  control 
is  not  th(!  least  advantage  of  this  form  of  eyepiece. 

The  instrument  I  have  described  may  be  constructed  at  less  cost, 
by  omitting  the  iiKlei)endent  motion,  wliich  lias  been  described  as 
carrying  the  second  and  third  reflector  above  the  first.  These  may, 
if  retained,  have  a  graduated  index,  and  readily  serve  as  a  sufficiently 
accurate  micrometer  for  ordinary  work  on  the  sun,  or  they  may  be 
wholly  discarded.  The  instrument  will  be  effective  without  them 
if  suflicicnt  care  ensures  that  the  first  reflector  is  not  broken  by  the 
heat,  and  in  this  form  is  easy  of  construction,  and  need  be  of  only 
moderate  cost. 


ON  THE  RECTIFICATION  OF  PETROLEUM. 

B\-  Prof.  Edward  Parrisfi. 

Ix  the  course  of  some  investigations  upon  the  petroleum  pro- 
ducts known  as  Benzine  and  Gasoline,  I  was  led  to  visit  one  of  the 
leading  establishments  in  Philadelphia  in  which  they  are  produced, 
and  not  being  aware  of  any  illustrated  description  of  the  process  of 
fractional  distillation  and  rectification  as  actually  practised,  deter- 
mined to  obtain  the  necessary  data  and  drawings  for  a  paper  in  the 
Journal  of  the  Institute.  The  establishment  referred  to  is  that  known 
as  the  Franklin  Oil  Works,  belonging  to  John  L.  Stewart,  located 
at  Gibson's  Point,  on  the  Philadelphia,  Wilmington  and  Baltimore 
Railroad,  about  a  mile  below  Gray's  Ferry,  and  very  near  the  ter- 
minus of  the  Branch  of  the  Pennsylvania  Railroad  over  which  pe- 
troleum is  brought  to  the  Schuylkill  river  for  shipment.  At  this 
point  large  underground  reservoirs  exist,  into  which  crude  petro- 
leum is  run,  through  pipes,  directly  from  the  oil  cars  in  whicli  it 
is  brought  from  the  wells  ;  from  these  it  may  be  readily  transferred 
to  metallic  reservoirs  on  shipboard,  or  into  the  receiving  reservoirs 
of  the  several  refineries  in  the  vicinity.  The  refined  kerosene,  bar- 
relled for  shipment,  is  also  transferred,  with  very  little  handling,  to 
vessels  lying  at  the  adjacent  wharves. 
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The  annexed  drawing,  by  E.  Parrish,  Jr.,  C.  E.,  was  sketched  from 
the  Philadelphia,  Wilmington  and  Baltimore  Eailroad,  on  the  west 
side  of  the  works.  The  entire  length  of  the  inclosure  is  700  feet,  and 
in  the  drawing  no  attempt  is  made  to  adhere  to  a  scale,  or  to  represent 
the  whole  extent  of  the  establishment.  The  leading  idea  in  the 
distribution  of  the  several  parts  is  to  secure  safety  from  fire,  the 
chief  storage  of  material  being  near  the  northern,  and  the  apparatus 
requiring  fires  near  the  southern  end. 

In  the  frame  building,  a,  there  are  four  pumps  worked  by  steam. 
One  of  them  is  for  pumping  water,  one  crude  petroleum,  one  kero- 
sene, and  one  for  forcing  a  powerful  current  of  air  into  the  rectifier 
and  into  pipes  communicating  with  the  several  reservoirs  and  the 
still.  By  these  pumps  the  crude  petroleum  is  transferred  from  the 
receiving  tank  to  that  marked  B  in  the  drawing,  and  thence,  as  re- 
quired, to  the  still,  and  the  main  portion  of  the  distillation  is  sent 
to  the  rectifier,  thence  to  the  bleaching  house,  and  thence  to  the 
large  tank,  J,  all  without  labor,  loss  by  evaporation,  or  danger  from 
fire.  The  still,  c,  is  located  at  the  southern  end  of  the  inclosure  : 
it  is  of  wrought  iron,  with  steel  bottom,  and  holds  a  charge  of 
19,000  gallons.  It  is  inclosed  by  brick  work,  in  which  are  eight 
furnaces ;  this  reaches  to  within  about  six  feet  of  the  top,  which  is 
somewhat  drum-shaped,  and  has  two  necks,  through  which  the 
vapor  is  conveyed  to  the  cooler. 

Besides  these,  which  carrj^  off  the  niore  volatile  vapors,  there  is 
a  pipe  inserted  lower  down  in  the  still,  which  conducts  the  heavy 
lubricating  and  parafiin  oils  coming  over  toward  the  end  of  the 
process  through  the  worm  and  tub,  d,  to  an  iron  receiver,  d  d.  To 
aid  in  collecting  these  least  volatile  products,  which  are,  for  the 
most  part,  condensed  in  the  top  of  the  still,  a  ledge  extends  around 
the  inside,  just  at  the  point  of  insertion  of  this  pipe.  The  fuel 
burned  under  the  still  consists  of  bituminous  coal  mixed  with  the 
tar  and  coke  left  as  residuum  from  the  process ;  these  resemble 
coal-tar  and  asphaltum,  though  nearly  without  odor. 

The  main  cooler  consists  of  several  courses  of  iron  pipe,  runniug 
horizontally  through  a  closed  wooden  trough,  eighty  feet  long,  into 
which  a  stream  of  cold  water  is  conveyed  by  a  pipe  shown  in  the 
drawing,  from  near  the  top  of  the  adjacent  building,  in  the  basement 
of  which  there  is  a  pump  for  its  supply.  The  inclination  of  this  water- 
pipe  causes  it  to  empty  itself  whenever  the  pump  ceases  to  act,  thus 
preventing  its  bursting  when  out  of  use,  by  freezing.    Surmounting 
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tilt!  cooler,  scvrial  .siiiiill  vcilicjil  pijto.s  arino  from  tlio  lower  line  of 
till'  liori/outiil  comioiisinf^  jtipL'H,  rortliceHcapcofthe  non-condenKable 
vapor,  wliiiih  1)mssc.s  <>IV,  csjjucially  in'ar  the  beginning  and  clone  of 
the  operation. 

As  tills  lieavy  vapor,  when  alloudl  to  escape,  is  a  waste  male- 
rial,  ami  a  lietpient  cause  of  eonllagration,  it  is  desirable  to  collect 
anil  ntili/e  it,  for  which  juir{)ose,  over  the  o\)rA\  enil  of  each  of  the 
viMlical  i)ij)es  a  pipe"  of  larger  bore  is  set,  and  these  arc  connected 
with  a  main  which  is  led  into  the  adjacent  boiler  house,  K,  where 
a  jet  of  steam  is  discharged  into  it  in  the  direction  of  the  fire  box, 
a  draft  being  thus  created,  by  whieli  the  highly  inflamrnabJc  vapor 
is  carried  under  the  boiler,  and  by  its  combustion  made  to  aid  in 
generating  the  steam  required  lor  working  the  pumps. 

The  pipe  which  conveys  the  steam  to  the  distant  pump->  i.>  in- 
closed in  an  elevated  wooden  trough,  iillc<l  with  sawdust  to  prevent 
condensation,  and  this  is  also  used  for  the  support  of  tlie  pipes  con- 
necting the  air-pump  with  the  reservoirs  and  still.  The  other  jtipes, 
used  for  the  conve^'ance  of  petroleum,  are  not  buried,  but  laid 
directly  on  the  surface  of  the  ground,  where  any  leakage  may  be 
easily  discovered.  The  tall  frame  building  to  the  left  of  the  ter- 
minus of  the  main  cooler  is  appropriated,  on  the  lower  floor,  to  a 
pump,  as  before  stated ;  on  the  second  floor  is  the  separator,  which 
is  a  cast  iron  box,  open  at  top  for  the  reception  of  the  distillate, 
and  connected,  through  the  bottom,  with  pipes  leading  to  the  re- 
ceivers for  benzine  and  kerosene  respectively.  Here  these  liquids 
are  tested  by  their  specific  gravities,  and  separated  previous  to  un- 
derooing  further  treatment. 

The  benzine  and  gasoline  receivers  and  stills  are  located  near  this 
building,  on  either  side.  One  is  shown  in  the  drawing,  marked  F. 
A  steam  pipe  passes  into  this  still,  and  the  still  communicates  by 
another  pipe  with  a  refrigerated  coil  in  the  third  story  of  the  above 
mentioned  building.  This  coil  is  constructed  with  a  view  to  sepa- 
rating the  distillate  to  be  sold  as  gasoline  from  that  to  be  sold  as 
benzine.  A  pipe  leaves  the  coil  midway,  through  which  the  more 
easily  condensable  portion  of  the  mixed  product  is  collected,  while 
the  gasoline,  which  is  only  condensed  by  passing  through  the  entire 
length  of  the  coil,  is  delivered  into  an  appropriate  receiver,  mostly 
under  ground,  and  covered  by  a  shed. 

The  annexed  figure  represents  the  arrangement  for  separating  the 
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gasoline.     The  still,  r,  which  is  heated  by  a  coil  of  steam  pipe, 

connects  with  a  wrought 
iron  stand  pipe,  10  inches 
in  diameter,  80  feet  high, 
which  conducts  the  vapor 
into  the  worm  and  cooler. 
The  pipe  A  conducts  back 
all  that  condenses  in  the 
stand  pipe,  and  the  pipe  B 
all  that  condenses  in  the 
first  100  feet  of  the  coil. 
The  water  in  the  cooler, 
from  the  line  D  to  the  top,  is 
kept  at  about  80°  F.,  and 
below  that  point  as  cold 
as  possible,  not  above  60° 
F.  Only  the  vapor  pass- 
ing this  line  is  fit  for  gas- 
oline ;  E  is  a  gas  trap,  Avith 
glass  sight-holes ;  F  an  es- 
cape-pipe for  uncondensed 
vapor. 

Following  the  line  of 
pipe  from  the  separator,  and  passing  the  crude  petroleum  tank,  B, 
we  come  to  the  receiving  tank  for  the  great  body  of  the  distillate, 
H.  The  portion  designed  for  kerosene  being  received  here,  is  trans- 
ferred to  the  refinery  in  the  upper  part  of  the  building  A.  This 
consists  of  an  open  wrought  iron  boiler,  lined  with  lead,  in  which 
225  barrels  of  the  distillate  are  agitated  with  ten  carboys  of  sul- 
phuric acid,  by  means  of  atmospheric  air  forced  in  at  the  bottom. 
A  strong  odor  of  sulphurous  acid  is  given  off' during  tl:e  ebullition, 
and  the  kerosene  is  found  to  have  lost  an  objectionable  adhesive 
property,  and  to  be  less  liable  to  "gum." 

Great  care  is  necessary  thoroughly  to  wash  out  the  acid  by  sub- 
sequent continued  agitation  with  water,  and  lastly  with  soda.  The 
air-pump  being  now  shut  off,  the  oil  rises  to  the  surface,  and  is 
drawn  off  to  the  bleaching  house,  which  is  a  large  shed,  m,  shown 
in  the  ground  plan,  having  a  roof  partially  of  glass,  and  covering 
an  open  tank  about  25  feet  in  diameter.  Here  the  kerosene  is  ex- 
posed to  the  sun's  rays  and  to  a  temperature  somewhat  above  110° 
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I"'.,  produced  hv  a  --h'iitn  plpo,  whi(!h  i«  protrctcd  from  direct  contact 
with  it  !)>'  II  llirt'iviiicli  cast  iron  pip'-,  in  wliiidi  it  is  iiig(>rt«;d.  The 
en'ort  of  Umi  th<jiisaiid  (^alluns  of  this  hrilliuiit  liquid,  witli  tho  MUii 
.shining  dircctiv  U]ii)ii  it,  is  most  .'(iriUiii^' ;  lh<!  nifnuitioij  of  t' 
gives  to  the  lioltoni  of  tin;  tank  llic  appearance  of  a  C" 
changing  concavity  with  the  greatest  apparent  depth  nearcnt  tbe 
jioiiil  of  observation.  The  opalescence  or  (lu<^reHcenco  is  superb, 
though,  with  the  excej)ti<^n  ol"  this  eJlcct,  tiio  freshly  distilled,  recti- 
lied  and  bleached  liquiil  may  bo  said  to  be  colorless. 

KroMi  tin"  bleacliing  house  the  kero.scrne  is  forced,  by  the  appro- 
priate punij)  into  the  tank,  J,  not  shown  in  tlie  ground  plan,  whence 
it  is  drawn  for  barrelling,  an  operation  performed  in  a  large  building, 
omitted  from  the  il rawing,  supplied  with  every  convenience  for  its 
rapid  and  economical  execution. 

All  the  petroleum  products  aresold  in  barrels,  which  arc  painted 
blue;  eacli  barrel  holds  about  forty-four  gallons.  But  the  kero- 
sene is  sold  by  weight,  six  and  a  half  pounds  being  the  weight  of  a 
gallon,  and  the  net  •weight  of  each  barrel  is  marked  on  the  outside, 
by  cutting  through  the  }>aint. 

An  inu;cuious  automatic  faucet  is  used  for  filling  the  barrels  : 
this  being  inserted  tiglitly  into  tlie  bung,  the  escape  of  air  is 
througli  it,  and  as  soon  as  this  ceases,  from  tlie  barrel  being  full,  a 
leather  diaphragm  subsides  and  releases  a  cut-off  held  by  a  cord,  so 
tiiat  tbe  flo\v  of  tbe  liquid  stops. 

It  remains  only  to  mention  two  other  features  of  the  works  rep- 
resented in  tbe  plan.  The  agitator,  k,  receives  the  refuse  and  any 
portions  of  the  distillate  unsuited  to  go  into  either  of  the  finished 
products,  that  it  may  be  mixed,  and  prepared  to  be  returned  to  the 
still.  The  lantern,  l,  is  so  elevated  as  to  be  removed  from  escaped 
vapors,  which  are  apt  to  collect  near  the  ground :  ^vhen  lighted,  it 
throws  a  strong  light  into  the  separator,  a  part  of  the  apparatus 
which  it  is  very  necessary  to  inspect  and  adjust  at  night,  as  well  as 
by  daylight. 

There  are  several  other  buildings ;  an  office,  shops,  stables  and 
sheds,  such  as  appertain  to  most  factories,  which  are  not  represented 
in  this  drawing,  the  object  being  to  convey  to  the  reader  an  idea  of 
the  essential  features  only,  of  a  petroleum  refinery. 

The  drawing  and  description  of  these  works  has  been  made  with- 
out reference  to  additions  now  in  progress.     A  large  and  greatly 
improved  still  and  cooler  are  in  process  of  erection,  and  the  pro- 
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prietor,  who  is  himself  the  inventor  of  some  improvements,  like 
most  successful  manufacturers,  shows  a  laudable  desire  to  excel  in 
the  completeness  of  the  apparatus  and  the  perfection  of  the  products. 

After  this  description  of  the  apparatus,  it  will  be  appropriate  to 
refer  more  particularly  to  the  process.  Twice  a  week  a  charge  of 
the  crude  oil  is  forced  into  the  still.  The  fires  are  then  kindled, 
water  turned  on  to  the  main  cooler,  the  jet  turned  into  the  gas  pipe 
communicating  with  the  fires  under  tlie  boiler,  and  the  pipes  con- 
nected with  the  separator  arranged  to  collect  the  parts  of  the  distil- 
late designed  to  be  converted,  by  fractional  distillation,  into  benzine 
and  gasoline.  According  to  my  friend,  B,  J.  Crew,  who  has  had 
experience  in  this  process,  crude  petroleum  gives  oft'  nearly  incon- 
densable vapor  from  60°  to  160°  F. ;  from  160°  to  280°,  the  ben- 
zine or  naptha  comes  over;  from  280°  to  600°,  the  oil  suited  for 
illumination  ;  and  above  600°,  paraffine  oil. 

During  the  early  part  of  the  process,  the  specific  gravity  of  the 
condensed  material  is  taken,  from  time  to  time,  at  the  separator, 
and  when  it  reaches  85°  Beaume  the  pipe  communicating  with  the 
gasoline  receiver  is  closed,  and  it  runs  into  the  benzine  receiver 
until  it  reaches  ^^°  Beaum^,  after  w^hich  it  passes  on  to  the  large 
distillate  receiver.  Sometimes  the  heavier  portions  of  the  benzine 
is  returned  to  the  still,  and  is  thus  mixed  with  the  kerosene  distil- 
late in  the  subsequent  part  of  the  process,  and  if  there  is  no  market 
for  gasoline,  this  may  also  be  returned,  and  may  add  to  the  uncon- 
densed  vapor  consumed  under  the  boiler,  and,  perhaps,  to  the  avail- 
able condensed  products. 

The  proportion  of  the  several  products  may  be  stated  approxi- 
mately as  follows  :  Gasoline,  8  per  cent. ;  benzine  or  naptha,  12  per 
cent. ;  paraf&ne,  or  lubricating  oil,  5  per  cent.,  and  the  remainder  is 
kerosene.  The  fixed  residuum  varies  in  c[uantity  and  consistence 
with  the  persistence  of  the  operation  and  the  quantity  of  the  crude 
oil ;  from  one  charge  of  19,000  gallons  an  average  of  about  6| 
barrels  is  obtained.  The  temperature  and  mode  of  conducting  the 
process,  however,  modify  the  proportions  of  the  several  products. 
If,  toward  the  last,  the  heat  is  pushed,  destructive  distillation  of 
the  tarry  mass  ensues,  and  incondensable  and  difficultly  condensable 
vapors  come  over,  at  the  expense  of  the  residuum,  and  it  is  probable 
that  petroleum  tar,  like  coal  tar,  jnelds,  at  a  high  heat,  a  portion  of 
oil  suitable  for  burning. 

This  essay  has  already  reached  its  proper  limit,  and  our  observa- 
tions on  the  uses  and  properties  of  the  products  of  this  important 
process  of  fractional  distillation  must  necessarily  be  omitted. 
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ON  SOME  OF  THL  CONDITIONS  OF  LOSS  BY  VOLATILIZATION  IN 
CERTAIN  METALLURGICAL  OPERATIONS. 

n\  t'iiAi:ii>  r    \\ii.r.iAM>,  I'rol.  otCliciiiiiiiry,  olc,  Ddu wiiro  Colloge. 

Ii'  is  a  well  ri;co;^ni/e<l  fact,  p(jijitcil  out  by  an  cxpuiiKivc  experi- 
ence, that,  ill  all  inctliods  of  load  smelting  and  in  oxidizin^.^  and 
eliloridi/ing  I'oastiiigs  generally,  a  very  considerable  loss  of  metals 
results.  This  loss  is  brought  about  either  by  the  formation  of  more 
or  lei-s  volatile  compounds,  or  by  the  draught  of  the  furnace  carry- 
ing, mechanically  suspended,  particles  of  chemically  changed  ore, 
with  tlic  products  of  combustion,  or,  in  the  caseof  muflle  furnaces, 
with  the  atmosphere  sweeping  over  the  ore  therein  treated.  The 
problem  of  devising  an  economical  and  complete  method  of  collect- 
ing these  metallic  vapors  or  fumes  is  one  of  very  considerable  dif- 
ficulty, and  it  may  be  fairly  questioned  if  it  has  yet  received  a  sat- 
isfactory solution.  In  this  country  where  rich  lead  ores  are  abun- 
dant, and  where  all  the  elements,  except  labor,  entering  into  the 
metallurgical  treatment  of  such  ores  are  comparatively  cheap ;  this 
matter  of  condensation  and  collection  has  not  generally  forced  itself 
upon  the  attention  of  practical  metallurgists,  but  it  is  nevertheless 
of  considerable  significance. 

In  the  treatment  of  silver-bearing  ores  by  smelting  operations,  or 
where  a  previous  chloridiziug  roasting  is  necessary,  the  loss  of  sil- 
ver by  volatilization  must  be  of  significant  importance  and  will  yet, 
if  it  has  not  already,  give  rise  to  a  study  of  the  means  adapted  to 
its  prevention.  Various  European  experimenters  have  given  dif- 
ferent figures  for  the  loss  of  silver  by  volatilization  in  different 
methods  of  its  extraction,  but  these  figures  may  safely  be  averaged 
as  ranging  between  O'o  and  4  per  cent,  of  the  content  of  the  origi- 
nal ore.  With  regard  to  chloride  of  silver  it  is  well  established 
that  its  volatility  is  greatly  increased  by  the  presence  of  other 
chlorides.  Plattner's  experiments  on  the  Augustin  method  of  sil- 
ver extraction,*  show  that  a  mixture  of  10  parts  of  oxide  of 
copper,  8  of  chloride  of  lead  and  0'6  of  fused  and  finely  divided 
chloride  of  silver,  lost,  on  roasting  in  a  current  of  air,  6"61  per 
ceijt.  of  the  original  weight  by  volatilization.  The  sublimate,  on 
quantitative  examination,  gave  63'8  per  ct.  chloride  and  oxide  of  lead, 
(containing  54-8  of  metallic  lead),  32'S  per  cent,  of  cuprous  chlor- 

*  Berg-und  Hi'ittenmanische  Zeliioig,  18-54,  p.  12-j,  ei.  seq. 
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ide,  (containing  21  of  copper,)  and  34  of  argentic  chloride,  (con- 
taining 2-6  of  silver).  These  figures  would  give  5'09  as  the  per 
centage  of  the  loss  of  the  chloride  of  silver  contained  in  the  origi- 
nal mixture,  partly  due  to  the  volatility  of  chloride  of  silver  itself, 
but  chiefly  brought  about,  however,  by  the  presence  of  other  chlo- 
rides. In  the  oxidizing  roasting  of  sulphuretted  compounds  of 
silver,  the  loss  is  also  great,  through  the  volatilization  of  the  sul- 
phate, etc.,  of  themselves,  or  increased  by  the  presence  of  com- 
pounds of  other  metals,  or  through  the  mechanical  movement  of 
fine  particles  of  the  ore  by  the  draught  through  the  furnaces. 

In  the  treatment  of  galena  for  the  extraction  of  lead,  whether  by 
the  process  of  reaction  or  by  other  means,  a  large  amount  of  the 
metal  is  lost,  chiefly  in  the  forms  of  sulphate  or  of  oxide.  This 
loss,  though  admittedly  large,  is  not  fully  appreciated,  and  is, 
without  doubt,  due,  not  merely  to  the  volatility  of  the  oxide  of 
lead,  (this  being  partially  changed  into  sulphate.)  but  also  to  the 
facts  that  sulphate  of  lead  is  volatile,  and  that  sulphide  of  lead  is 
readily  and  rapidly  volatilized  at  elevated  temperatures  and  is  sub- 
sequently converted  into  sulphate  either  through  the  action  of  the 
oxygen  of  the  air  or  through  that  of  sulphuric  acid.  This  latter 
production  of  sulphate  is  well  established  by  the  researches  of 
Plattner,*  and  his  observation  of  pseudomorphous  crystals  of 
plumbic  sulphate  after  sulphide  of  lead,  which  had  formed  after 
the  condensation  of  the  latter  crystals  from  a  vaporous  condition. 
The  writer  of  this  communication  has  invariably  observed  during 
repeated  exhaustive  analyses  of  the  so-called  Bartlett  White  Lead, 
and  of  oxide  of  zinc  produced  at  the  Keystone  Zinc  Works,  the 
presence  of  sulphide  of  lead.  Both  of  these  substances  are  essen- 
tially mixtures  of  oxide  of  zinc  and  plumbic  sulphate  obtained  by 
the  treatment  of  mixed  galena  and  blende  by  the  well-known  pro- 
cess for  the  manufacture  of  zinc  white  directly  from  the  ores.  On 
treatment  with  hyposulphite  of  soda  the  sulphate  of  lead  is  readily 
dissolved,  whilst  a  subsequent  addition  of  dilute  acetic  acid  will 
dissolve  the  remaining  ingredients,  leaving  a  small  amount  of  dark 
metallic  particles,  which,  on  chemical  and  microscopic  examina- 
tion, are  found  to  be  minute  crystals  of  sulphide  of  lead. 

Mr.  Geo.  T.  Lewis,  a  well-known  manufacturer  of  this  city,  has 
repeatedly  completely  volatilized  several  hundred  pounds  of  the 
purest  galena  obtained  in  the  Wisconsin  lead  region.     The  pro- 

*  Procedes  Metallurgiques  de  Grillage,  p.  207,  et,  seq. 
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ducts  of  tlicsc  ii(';iIiiii;:jLs,  (wliicli  \v<;n;  cliicfly  conducted  in  the 
Wethcrill  Cnniai-f  lor  the  injiiiuructuro  of /.inc  wliitc,)  were  collect- 
ed by  the  "  \)iv^  process,"  and  li;iv<;  l)(;<-ii  analyzed  by  the  author. 
They  are  mixtures  of  8ul[diate  of  lead,  (commonly  about  «ixty 
|H'r  cent.,)  with  some  o.xide  of  lead  and  zinc,  jiiid  carbonate  and  sul- 
phite of  lead,  and  invariably  i-ontain  small  and  variable  amounts  of 
sulphide  of  lead.*  From  these  exi)eriments  the  higli  degree  of 
volatility  of  this  last  named  compound  must  be  admitted,  unles.s  it 
be  claimed  that  it  is  first  converted  into  sulphate,  and  tliat  this  salt 
is  even  more  volatile  than  the  sulj)hide.  Tiic  author  has  made  ef- 
forts to  establish  the  degree  of  volatility  of  the  sulphide  of  lead 
by  strongly  heating  the  artificially  prepared  salt  in  currents  of 
nitrogen  and  hydrosulphuric  acid,  but  has  found  so  many  difficul- 
ties in  the  preparation  of  a  perfectly  dry  and  unaltered  compound 
that  he  cannot,  as  yet,  regard  his  results  as  removed  beyond 
sources  of  fallacy. 

Plumbic  sulphate  is  also  to  a  slight  degree  volatile.  Some  of 
the  perfectly  dry  and  pure  artificially  prepared  salt  was  strongly 
heated  for  one  hour  in  a  porcelain  tube  through  which  a  current 
of  dry  air,  freed  from  carbonic  acid,  was  drawn.  Thus  treated, 
1*4:082  grammes  of  the  sulphate  lost  in  weight  "0019  grammes, 
equivalent  to  0-134  per  cent.  A  second  experiment  with  •4-2761 
grammes,  but  heated  for  upwards  of  two  hours,  showed  a  loss  of 
8-5  millegrammes,  or  a  little  less  than  0-2  per  cent.  Other  trials 
showed  variable  losses,  but  in  no  instance  was  the  percentage 
amount  greater  than  that  obtained  in  the  second  experiment.  Ex- 
amined with  a  glass,  indications  of  fusion  of  the  sulphate  were  no- 
ticed. That  this  method  of  producing  sulphate  of  lead  in  lead 
smoke  or  fumes  is  of  mucb  moment  compared  with  that  of  the 
volatilization  and  subsequent  oxidation  of  the  sulphide,  can  hardly 
be  claimed,  though  it  doubtless  is  one  of  the  many  causes  of  the  loss 
of  lead  in  metallurgical  operations. 

Another  cause  of  loss  is  the  mechanical  one  brought  about  by 
the  currents  of  air  or  of  the  products  of  combustion  sweeping 
through  the  furnaces.  In  furnaces  of  that  description  where  the 
fuel  is  intermingled  with  the  ore  under  treatment,  or  where  the 
gases,  vapors,  etc.,  frc)m  the  fuel  in  the  fire  box  pass  over  and  in 
contact  with  the  charge,  this  mechanical  loss  is  doubtless  increased 

*  The  method  of  anul\-sis  followed  in  these  investigations  was  essentially  that 
described  by  the  author  in  this  Journal  .''or  March,  1869. 
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bj  the  presence  of  fuliginous  particles  of  finely  divided  carbon 
which  enclosCj  and,  as  it  were,  buoy  up  the  denser  particles  of  me- 
tallic compounds.  Where  the  metallurgist  has  to  deal  with  lead 
ores  which  contain  zinc  compounds — by  no  means  an  unusual 
condition  of  affairs — it  will  be  admitted  that  the  formation  of  zinc 
vapors  and  their  subsequent  conversion  into  the  specifically  light 
oxide  of  zinc,  Avill  add  greatly  to  the  loss  of  lead  as  sulphide  or  as 
oxide  bv  assisting  mechanically  in  carrying  these  compounds  from 
the  furnace  in  a  manner  similar  to  that  in  which  the  sooty  particles 
of  carbon  may  act.  The  volatility  of. silver  as  oxide  or  as  sul- 
phate may  be  fairly  assumed  as  increased  in  this  same  manner. 
The  experiments  of  Malaguti  and  Durocher,"^  made  with  argentifer- 
ous zinc  blende,  indicate  that  the  loss  of  silver  in  the  presence  of 
zinc  compounds  may  be  very  considerable,  reaching  as  much  even 
as  70  per  cent,  of  the  original  content  of  the  ore,  but  ranging  usu- 
ally according  to  the  richness  of  the  ore  in  silver  and  in  zinc,  and 
according  to  the  management  of  the  furnaces,  between  15  and  66 
per  cent.f  A  small  proportion  of  this  loss  is  unquestionably  due 
to  the  volatility  of  the  sulphate  of  silver,  but,  as  in  the  case  of  ores 
not  carrjnng  zinc,  and  not  highly  silicious,  the  loss  is  less  than  10 
per  cent,:}:  it  must  be  admitted  that  zinc  compounds  dispose  silver 
to  volatilize. 

The  ores  mined  in  the  Silurian  lime-stones  of  Sinking  A^alley 
are  chiefly  intimate  mixtures  of  zinc  blende  and  galena,  (the  latter 
forming  usually  about  20  percent,  of  the  mixture,)  and  contain  on 
the  average,  by  the  assays  of  the  author,  about  five  ounces  of  silver 
to  the  ton  of  2000  lbs.,  though  Ashmead  finds  §  by  his  assays  8-5 
and  9  ounces.  These  ores  are  treated,  at  the  Keystone  zinc  works, 
for  the  manufacture  of  zinc  white  by  the  ordinary  process,  and  in 
the  residues  on  the  perforated  grate  bars  of  the  furnace,  the  writer 
has  never  been  able  to  find  weighable  quantities  of  silver,  though 
operating  repeatedly  on  amounts  of  58 J  grammes.  By  dissolving 
a  w^eighed  amount  of  the  so-called  "oxide"  made  from  this  ore 
and  collected  in  the  "  bags,"  in  nitric  acid,  evaporating  to  dryness, 
adding  hydrochloric  acid,,  extracting  with  water  and  assaying  the  re- 
sidue in  the  usual  manner,  O'OM  per  cent,  of  silver  may  be  found, 

*  Annales  des  Mines,  X'VIT.,  1850. 

J  Plattner,  he.  cit.,  p.  118. 

%  Kerl's  Handbuch  der  Hi'ittenJcunde,  I.,  2d  Edition,  p.  89. 
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coiTo.spoiidiii;.',  |i>  I  2  oiiiiccs  lo  tin;  Loii  of  '•oxidf."  TIkj  '' Jiurllctt 
Wliiti!  Ii(!:ul,"  incp.ircil  in  :i  .siiiiilai"  in.'iriiicr  (Votri  inixcfl  Ijlcudo 
;iii(l  ^f.'ilcMi.i,  iiiiiicd  ill  I  >:tvi(l.s(>ri  coiitiLy,  North  CJ;irolina,  yicld.s  a 
.soincwliat  siiKilIci"  ix-rcciita^u  ol'  .silver,  (0'0087  |tcT  corit.j  though 
the  orij^iiial  oi'c;  is  inoro  liij^hly  arf^ciitiCorou.s  tluiii  that  utihzed  in 
rciiiisylvaiiia.  'IMiis  (li.s(;ropancy  may  1)(!  accounted  for,  however, 
hy  the  i'aet  that  the  .Noi'th  (Carolina  ore  i.s  roasted  (witli  the  addi- 
tion of  salt?)  at  the  mine  bcl\)rc  sliiprmuit  to  New  .ler.soy  for  its 
conversion  into  the  basis  of  a  pigment. 

'I'hc  r«)lK)\vinii;  analyses  will  e.\:hi])it  the  composition  of  lead  fumes 
by  vaidous  operations  : 
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Analyses  I.,  II.  and  VI.  are  by  tbe  author ;  III.,  lY.  and  V.  are 
from  Watt's  Dictionary  of  Chemistry,  Art.  Lead.  Ko.  I.  is  the 
so-called  Bartlett  White  Lead,  (this  Journal^  March,  1869);  II.  is 
the  zinc  white  from  the  ores  of  Sinking  Valley,  Pennsylvania  ; 
III.,  fumes  from  blast  furnaces  at  Freiberg;  IV.,  fumes  from  re- 
verberatory  furnace  at  Alston  Moor ;  V.,  from  refinery  at  Frei- 
berg ;  VI.,  from  Wisconsin  ores  treated  at  Birmingham,  Pennsyl- 
vania, in  the  Wetherill  furnace  for  the  manufacture  of  zinc  white  : 
Nos.  I.  and  II  were  also  obtained  by  treatment  in  the  same  furnace. 
The  three  analysed  by  the  author  all  contained  sulphide  of  lead, 
but  the  amounts  were  small  and  were  not  estimated. 

Estimates  based  upon  the  treatment  of  a  large  amount  of  ores 
have  sriven  the  followino;  fioures,  makinsc  evident  the  loss  in  the 
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treatment  of  lead  ores  by  conversion  into  merchantable  lead,  thougb 
unfortunately  no  descriptions  of  the  characters  of  the  ores  are  fur- 
nished: A  blast  hearth  furnace  treating  267,008  pounds,  yielding 
by  assay  75-75  per  cent.,  or  202,258  pounds,  gave  178,895  pounds 
or  67*00  per  cent,  exhibiting,  therefore,  a  loss  of  28,363  pounds. 
The  refining  process  gave  a  further  loss  of  13'40  per  cent,  whilst 
the  reduction  of  the  dross  from  the  refinery  added  a  still  further 
loss  of  3'60  per  cent.,  giving  an  aggregate  of  more  than  28|  per 
cent,  of  the  original  content  of  lead.* 

If  considerations  of  the  health  and  property  of  a  neighborhood 
are  only  of  subordinate  importance,  such  figures  must  make  evident 
the  necessity  of  connecting,  with  lead  establishments,  suitable  appa- 
ratus for  the  condensation  and  saving  of  this  fume.  The  process  of 
straining  the  fumes  through  muslin  or  fine  canvass,  which  gives 
such  successful  results  in  the  collection  of  zinc  fume  or  oxide  as 
exemplified  by  the  well  known  "  bag  process,"  has  not  received 
from  metallurgists  the  attention  its  simplicity  and  completeness 
merit.  From  experiments  made  on  a  large  scale  on  galena  ores, 
both  nearly  pure  and  containing  a  large  amount  of  blende,  the  writer 
is  satisfied  that  its  application  to  the  condensation  of  lead  and  other 
metallic  fumes  would  leave  little  to  be  desired.  It  seems  strange 
that  it  has  not  been  applied  to  purposes  other  than  the  mere  saving 
of  oxide  of  zinc,  especiall}^  when  the  necessity  of  a  thorough  collec- 
tion of  metallic  fume  is  considered.  Its  satisfactory  use  in  the 
treatment  of  sulphuretted  ores,  it  is  true,  would  be  somewhat  less- 
ened by  the  fact  that  the  fabric  of  the  bags  would  be  rapidly  de- 
stroyed by  sulphuric  acid,  etc ;  but  even  this  difficulty  might  be 
obviated  t3y  washing  the  mixed  gases  and  metallic  vapors  by  con- 
ducting them  into  a  brick  chamber  through  which  water  in  the  form 
of  rain  is  falling.  The  water  from  this  chamber  might  be  run  off" 
through  caustic  lime  to  remove  soluble  metallic  salts.  The  ordi- 
nary blower  working  in  the  flues  between  the  zinc  furnaces  and  the 
bags  would  prevent  any  injury  to  the  draught  of  the  furnace. 

A  discussion  of  the  various  mechanical  devices  and  combinations 
already  in  use  in  England  and  elsewhere  for  preventing  or  reducing 
the  loss  by  volatilization  at  lead  furnaces  is  not  deemed  necessary 
in  this  connection.  The  results  of  Yon  Patera's  experimentsf  made 
on  a  small  scale,  and  having  in  view  the  saving  of  argentiferous 
fume  through  chemical  reagents  and  reactions,  may  yet  be  found 
to  contain  the  germs  of  important  technical  applications.  Espe- 
cially may  this  be  true  of  those  obtained  by  the  use  of  sulphydric 
acid  whereby  waste  sulphurous  acid  may  be  converted  into  sulphur, 
and  a  com.plete  saving  of  volatilized  silver  and  lead  compounds  be 
efi'ected. 

*  These  figures  are  condensed  from  the  elaborate  tables  in  Watt's  Dictionary  of 
Chemistry. 
f  Zeitschriftf'ur  Berg-und  HidLenwesen,  185 J,  33. 

Newark,  Del.,  December  23,  1870. 
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EVOLUTION,  AS  AFFECTING  THE  EARTH'S  CRUST. 

(A    Ivctiirt' (Irliv.ifil  itl  tin-  I'"  milk  I  in   liiMitiilo,  D.-cotnlx-r  RlJi.  lf*70,) 

Uv     I'lOr.    I.KKIl.H. 

Any  one  wlio  lias  visited  the  lovely  lulls  of  Trenton,  in  the  Slate 
of  Now  ^'ork,  will  have  noticed  tliat  the  dark  bine  limestone  over 
which  the  water  lalls  at  the  bottom  of  the  glen  is  filled  with  the  re- 
mains of  crustaceans  and  shells.  There  are  multitudes  of  the  tiny 
rings  of  crinoidal  stems,  and  sometimes  the  entire  flower-like  body 
and  branching  arms  of  the  lily  encrinite  ;  many  species  too,  of  those 
curious  crab-like  animals  with  great  projecting  eyes  like  horns, 
called  Trilobites.  Now,  if  any  one  of  us,  who  chanced  to  be  in- 
clined to  the  study  of  nature,  had  passed  his  childhood  among  rocks 
so  filled  with  fossils  as  these  are,  and  at  the  same  time  so  destitute 
of  minerals,  he  would  have  turned  conchologist.  But  the  school- 
boys who  spend  their  holidays  on  the  Schuylkill  or  Wissahickon, 
the  Delaware,  Crum  Creek,  Darby  Creek,  or  the  lirandywinc,  and 
hammer  way  upon  every  rock  they  meet,  never  encounter  relic  of 
fossil,  bird,  beast,  fish,  worm,  or  shell.  They  do,  however,  find 
minerals,  in  great  abundance  and  in  great  variety.  I  made,  some 
while  since,  a  catalogue  of  the  minerals  native  to  South-eastern 
Pennsylvania,  and  found  that  it  included  more  than  one  hundred 
well  defined  species.  If  to  these  the  varieties  be  added,  the  num- 
ber does  not  fall  far  short  of  two  hundred.  There  is  no  large  city 
in  the  country.  New  York,  Boston,  Baltimore,  Cincinnati,  Chicago, 
all  being  included,  which  possesses  so  rich  a  cabinet ;  one.  too,  that 
is  accessible  to  every  student,  at  all  times,  and  free  of  cost.  As  a 
consequence,  Philadelphia  is,  and  always  bas  been,  noted  for  its 
multitude  of  mineral  collectors  and  fine  mineral  cabinets.  The  col- 
lections of  Mr.  Yaux,  Mr.  Clav  and  Mr.  Trautwine  are  excelled  bv 
no  private,  and  that  of  the  first  named  gentleman  by  no  public  mu- 
seum in  the  countr}-.  They  contain  a  number  of  species  which  have 
first  been  recognized  as  such  from  specimens  found  in  this  vicinity. 
Nor  is  our  neighborhood  exhausted.  A  rich  field  still  waits  to  be 
tilled  by  some  one  who  will  undertake  the  labor  necessary  to  carry 
through  the  analysis  of  undetermined  minerals  to  a  successful  con- 
clusion. South-eastern  Pennsylvania,  then,  is  made  up  of  mineral 
bearing,  not  fossil  bearing  rocks,  and  this  is  the  first  important 
point  to  which  I  wished  to  direct  your  attention. 
Vol.  LXI. — Third  Series. — Xo.  2. — Febrcart.  1S71.  17 
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The  youth  who  commences  his  geological  studies  while  rambling 
through  the  lovely  valleys  and  over  the  gently  sloping  hillsides 
that  encircle  our  native  city,  commences  his  geological  studies  as 
nature  herself  would  dictate,  were  she  to  become  articulate  and  con- 
stitute herself  his  teacher.  The  layers  of  rock,  which,  piled  one 
upon  another,  make  up  the  earth's  surface,  have  been  frequently'- 
and  very  aptly  compared  to  a  series  of  volumes:  the  layers  which 
are  deepest  down,  and  which,  as  we  shall  presently  see,  were  first 
formed,  constituting  the  introductory  books,  and  those  lying  near 
the  surface  the  concluding  ones.  If  the  student  wishes,  then,  to 
understand  Geology,  he  must  read  these  books  as  nature  has  written 
them,  and  begin  with  those  which  she  wrote  first.  Now,  one  of  the 
very  earliest  books  is  in  the  possession  of  the  students  who  reside 
in  Philadelphia.  Of  the  second,  third,  fifth,  and  many  of  the  later 
books,  we  possess  but  fragments,  and  must  borrow  them  of  our 
friends  who  live  in  New  York  State  and  New  Jersey,  and  along  the 
Gulf,  if  we  desire  to  read  them  in  full.  From  the  first  I  propose  to 
read,  later  in  the  course,  some  interesting  extracts. 

These  books  are  written  in  what  the  student  of  general  literature 
would  be  apt  to  call  the  dead  languages  of  natural  history,  its  Greek 
and  Latin,  so  to  speak.  But  there  are  as  many  beautiful  poems  and 
strange  stories  told  in  those  dead  languages  by  lips  of  stone,  as  Gre- 
cian poets  sung,  and  as  equally  worthy  of  translation  into  speech 
intelligible  to  those  who  live  at* the  present  day. 

The  great  fire  at  Alexandria,  that  burned  the  famous  library, 
destroyed,  it  is  said,  many  manuscripts  which  would  have  thrown 
light  upon  the  early  history  of  the  Asiatic  monarchies.  Similar 
catastrophies,  at  the  beginning  of  the  world's  geological  history, 
destroyed  a  library  as  great  as  that  which  has  been  left  to  us.  So 
few  are  the  surviving  fragments,  that  all  the  sagacity  of  science  is 
required  to  re- write  that  history — and  when  re- written,  it  is  almost 
too  marvellous  to  admit  of  our  belief.  It  tells  of  a  time  when  the 
vital  and  spiritual  forces  had  not  yet  been  set  into  operation  upon 
our  planet — when,  from  pole  to  pole,  and  from  peel  to  core,  the 
earth  was  given  over  to  the  fierce  conflict  of  phj^sical  and  material 
powers — when,  as  j^et,  the  rocks  were  fluid; — though  ten  years  ago 
it  would  have  been  a  rash  assertion  to  make,  yet  in  view  of  what 
the  spectroscope  has  revealed  to  us  concerning  the  constitution  of 
the  solar  atmosphere,  when  some  rocks  were  even  gases — when 
these  rocks  were  part,  not  of  the  earth,  but  of  the  air. 


J'j'l'ollllinil^    111    AlliClill'l    l/ir    J\'<li"i     '     t'riiM.  l.'il 

Slrjinj^oly  dilVcrcMit,  iliiiii  iukI  now,  llio  oiii-tli'.s  iitiiiosjilicrc.  In 
stead  of  that  soft  ami  (Iclicioiis  lluid  in  wlji<;l>  wo  aro  l)athc(J,  and 
IVoiii  wliicli,  without  labor  and  without  cost,  )>()th  plantM  and  men 
diiiik  ill  unconsciously  tlio  j^nMiter  part  of  their  food  and  phyHical 
(fiicr^y  ;  that  sW(H!t  air,  which  tlic  (ircidss  calh-d  cthf;r,  atid  llie  vory 
iiaiiio  and  thoiii^ht  of  which  hassorncthinj^  por.-tically  a.sso(;iated  with 
it,  an  ahiios[)liere  existed  then  such  as  Milton  imagined  for  Pandc- 
iiioiiiuni.  It  was  ol"  vast  extent,  lor  tin;  prodiirious  bulk  of  water 
which  now  constitutes  the  oceans  tlicn  existed  in  the  gaseous  form, 
its  components,  oxygen  and  hydrogen,  being  as  yet  uncombincd.  In 
great  probability,  it  contained  the  oxygen  and  sulphur,  wldch  are 
now  locked  up  in  the  rock  masses.  l''or,  although  heat  usually 
assists  chemical  union,  yet  when  it  exceeds  a  certain  point,  which 
dilVors  for  every  substance,  instead  of  assisting,  heat  opposes  chemical 
union  ;  in  fact,  it  becomes  the  worst  foe  chemism"or  the  clicmical 
attraction  between  particles  has  to  deal  witli.  To  take  an  example : 
if  mercury  be  heated  in  contact  with  air  to  a  temperature  of  600° 
Fahrenheit,  it  takes  up  oxygen,  and  becomes  coated  with  a  rust, 
which  is  known  as  the  red  oxide  of  mercury.  If  this  rust,  on  the 
other  hand,  be  heated  to  a  temperature  of  750°,  it  is  broken  up 
and  resolved  once  more  into  mercury  and  oxygen.  If  these  were 
chemical  lectures,  it  would  be  proper  forme  to  state  the  very  beau- 
tiful and  satisfactory  mode  by  which  the  modern  chemistry  explains 
such  apparent  anomalies,  but  we  must  content  ourselves  at  the  pre- 
sent time  with  a  mere  statement  of  the  fact.  Xow,  what  happens 
to  the  red  oxide  of  mercury  at  750°  happens  to  every  oxide  and 
sulphide  at  some  certain  temperature,  whether  it  be  80°  of  the 
Fahrenheit  scale  or  3000°.  I  feel  assured  of  the  truth  of  this  state- 
ment, not  because  I  have  tested  it  experimentally  in  the  case  of  all, 
or  indeed  of  very  many,  chemical  compounds,  but  because  it  follows 
as  a  consequence,  when  certain  principles  which  the  modern  chem- 
istry regards  as  of  great  importance  are  admitted.  Oxygen,  hydro- 
gen, nitrogen,  sulphur,  chlorine,  iodine,  bromine  and  the  vapors  of 
certain  easily  vaporisable  metals,  such  as  arsenic  and  tellurium, 
constituted  our  atmosphere.  At  that  time  it  stretched  away  until 
it  filled  a  large  part  of  the  space  included  within  the  orbit  of  the 
moon.  And  if  the  spectroscope  reveals  sodium,  as  existant  in  the 
state  of  vapor  in  the  solar  photosphere,  why  should  not  sodium, 
when  the  earth  was  in  a  condition  of  like  fusion,  have  existed  in  the 
terrestrial  atmosphere  ?     If  sodium,  why  not  the  similar  metals, 


182  Mechanics,  Physics,  and  Chemistry. 

potassium  and  lithium  ?  The  sun's  photosphere,  so  says  the  spec- 
troscope, contains  iron  gas,  magnesium  gas  and  calcium  gas.  We 
conclude  then  that  these  and  many  other  metals,  of  similar  density 
and  volatility,  once  existed  upon  our  globe  in  the  gaseous  form. 
They  surrounded  the  earth's  surface  in  a  dense  sulpurous  atmo- 
sphere of  appalling  magnitude.  Other  substances,  such  as  gold, 
platinum,  and  the  noble  metals  generally,  silicon  and  carbon,  the 
latter  of  which  can  be  converted  into  a.  liquid  only  at  the  most  ex- 
alted temperatures,  constituted  the  fluid  body  of  the  earth. 

I  shall  ask  you  to  accompany  me  one  step  further  back  into  this 
dark  and  mist}''  realm,  and  look  upon  the  order  in  which  these  ele- 
ments were  arranged.  This  order  was  connected  with  a  fact  which 
strikes  us  first  of  all,  when  we  examine  the  sixty -four  elementary 
bodies  of  which  the  earth,  in  case  its  core  be  of  the  same  compo- 
sition as  its  crust,  is  known  to  consist.  And  that  is,  that  some  of 
these  elements,  such  as  hydrogen  and  potassium,  are  very  light, 
others,  like  platinum  and  gold,  very  heavy,  and  between  these  ex- 
tremes a  long  series,  in  which  iron,  cobalt,  etc.,  occupy  the  middle 
position.  Would  this  difference  in  weight  have  arranged  the  earth's 
surface  in  layers,  and  would  all  the  hydrogen  have  floated  at  the 
top,  all  the  nitrogen  have  formed  a  second  layer,  the  oxygen  a  third, 
the  sulphur  a  fourth,  the  sodium  an  eighth  or  ninth,  the  iron  a  thir- 
tieth or  thereabouts,  and  the  platinum  a  fiftieth  ? 

So  far  as  these  bodies  were  gases,  undoubtedly  not.  For  we 
have,  to  guide  us  in  this  matter,  the  analogy  of  the  earth's  atmo- 
sphere at  the  present  time.  It  is  composed,  as  all  of  you  are  well 
aware,  principally  of  three  gases,  nitrogen,  oxygen  and  carbonic 
acid.  Though  the  second  is  considerable  heavier  than  the  first,  and 
the  carbonic  acid  much  heavier  than  either  of  the  other  two,  yet 
the  boldest  £eronaut  who  has  brought  down  air  from  regions  where 
float  the  feathery  cirrus  clouds  of  summer  skies,  has  never  yet 
found  a  spot,  however  high,  where  the  proportions  in  which  these 
gases  exist,  mingled  together  in  the  earth's  atmosphere,  are  not  pre- 
cisely the  same  as  upon  the  earth's  surface.  This  is  due  to  the  fact 
that  the  particles  of  gases  are  moving  at  all  times  in  straight  lines, 
with  great  velocity,  and  they  go  on  until  they  meet  with  an  obstacle 
capable  of  resisting  their  motion.  In  the  present  instance,  one  wall 
of  their  prison  house  is  the  earth's  surface,  the  other  is  the  invisible 
barrier  presented  by  the  force  of  gravitation. 

The  case  was  different  wdth  regard  to  those  elements  which  ex- 
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istcd  in  a  inolton  .slatf.  l''i»r  \vc  know,  tliaL  llic  Ii;.^litcr  a  Iiqiii<], 
tlio  lu'aror  it  rises  to  tlic  siirfaco.  I  tlirow  out  these  remarks,  fxA 
su^^gcstinj;  the  rcasoii  why  thr  oxides  of  thti  light<!r  metals,  such  a« 
silica,  potasli,  water,  ma;_Mie.sia,  (jIc,  should,  at  the  present  tirm;,  be 
loiiiid  upon  the  earth's  surface,  while  the  oxides  and  sulj>liides  of 
the  lieavier  elements,  such  as  lead,  copper,  etc.,  should  have  aecu- 
mulated  far  below,  and  have  been  slioved  ihronj^h  cracks  and  fis- 
sures to  the  surface. 

This  liquid  mass  and  the  huge  envelope  of  gas  an<l  vapors  that 
surrounded  it,  obeyed  the  same  planetary  laws  of  motion  then  as  now. 
It  swept  onward  througli  similar  realms  of  space.  Astronomy 
teaches  us  that  these  stellur  regions  are  intensely  cold.  Their  tem- 
perature is  as  far  below  the  zero  point  of  our  Fahrenheit  scale  as 
our  mean  summer  temperature  rises  above  it.  And  if  the  earth's 
atmosphere  were  swollen  with  all  the  ingredients  that  I  have  before 
mentioned,  its  radiatory  surface  was  of  vast  area,  and  the  process  of 
cooling  v^^ent  on  with  great  rapidity.  There  was  a  time  for  every 
element  when  it  reached  that  critical  point  in  its  history  of  which 
I  have  spoken.  It  cooled  down  so  fiir  that  it  could  enter  into  com- 
bination with  oxygen  or  sulphur,  with  chlorine,  iodine,  or  whatever 
element  it  possessed  the  greatest  attraction  for.  As  soon  as  these 
compounds  were  formed  they  were  precipitated  by  their  weight 
upon  the  earth's  surface. 

(To  be  continued. J 


THE  SUN. 

(A  course  of  five  lectures  before  the  Peabody  Institute  of  Baltimore,  January,  1870.) 

By  B.  a.  Gould. 
(Continued  from  page  71.) 

I  MUST  recur,  before  long,  to  the  consideration  of  the  spots  ;  for 
upon  the  careful  observation  of  these,  a  large  share  of  our  know- 
ledge of  the  sun's  constitution  must  depend.  There  is  much  to  be 
said  concerning  their  motions,  real  and  apparent,  their  origin,  devel- 
opment, recurrence,  &c. ;  but  it  seems  better  first  to  complete  the 
general  description  of  the  sun's  aspect,  deferring  for  a  while  these 
more  detailed  points.  There  is,  however,  one  important  fact  which 
must  be  mentioned  here,  viz :  that  the  spots  are  not  found  on  all 
parts  of  the  sun  indiscriminateh",  but  are,  with  very  few  exceptions, 
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restricted  to  two  belts,  one  on  each  side  of  the  sun's  equator, 
extending  from  about  8°  to  less  than  40°  of  solar  latitude,  their 
most  frequent  occurrence  being  at  the  latitude  of  20°.  Spots  are 
sometimes  seen  beyond  these  limits,  but  well  authenticated  cases 
are  extremely  rare,  and  the  zones  within  which  they  are  ordinarily 
to  be  seen  scarcely  comprise  an  area  of  one  half  of  the  sun's  surface. 
We  know,  as  I  have  mentioned,  and  will  hereafter  explain,  that  the 
sun  rotates  on  his  axis,  like  the  earth  and  other  planets,  and  in  the 
same  direction.  Johannes  Fabricius,  the  first  discoverer  of  the 
spots,  found  out  this  fact  also,  which  had  previously  been  suspected 
from  analogy.  The  axis  of  rotation  is,  according  to  the  best  deter- 
minations yet  made,  inclined  to  the  plane  of  the  earth's  orbit  by 
1\°.  Did  the  earth's  revolution  take  place  on  the  same  plane  as 
the  sun's  equator,  the  spots  would  appear  to  be  carried,  by  his  ro- 
tation, in  parallel  straight  lines  across  his  disk,  from  left  to  right. 
This  is  indeed  the  case  during  the  second  weeks  of  June  and  Sep- 
tember, at  which  times  the  earth  is  in  that  plane;  but  at  other  sea- 
sons the  lines  of  their  apparent  motion  appear  elliptical,  in  conse- 
quence of  the  effect  of  perspective  upon  circles  inclined  to  the  line 
of  vision. 

Of  the  faculne,  or  patches  brighter  than  the  general  surface,  I  have 
already  mentioned  the  chief  characteristics.  These  bright  spots 
were  noted  both  by  Scheiner  and  by  Galileo  ;  and  although  less 
attention  has  been  given  to  their  study,  and  indeed  less  opportunity 
for  it  has  existed,  than  has  been  the  case  for  the  spots,  some  facts 
are  well  established.  Though  usually  elongated  and  narrow,  not 
only  near  the  middle  of  the  disk  as  scars,  but  also  in  the  vicinity  of 
spots,  they  are  by  no  means  always  so,  but  frequently  exhibit  the 
most  irregular  and  fantastic  forms.  There  is  one  class  of  them  ' 
which  are  comparatively  small,  but  well  rounded  ;  others  are  reti- 
culated, and  others  still  have  been  compared  to  grotesque  attenuated 
human  figures.  That  they  may  generally  be  found  near  the  mar- 
gins of  spots,  and  especially  on  that  side  from  which  the  spots  ap- 
pear to  be  moving  by  virtue  of  the  sun's  rotation,  has  been  stated  ; 
and  also  that  the  converse  of  this  statement  does  not  hold  good, 
since  faculce  are  often  seen  where  no  tokens  of  spots  are  to  be  de- 
tected. They  are  not  restricted  to  the  equatorial  belts  in  which  the 
latter  are  in  general  only  to  be  seen,  but  may  be  found  at  all  parts 
of  the  surface,  although  certainly  unfrequent  near  the  poles,  and 
most  abundant  in  the  spot-zones.     Their  greater  distinctness  in  the 
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The  Sun.  IJJij 

iici^hbi)ihi»()(l  of  llic  . sum's  liiiilj,  wlioic  his  liglit  \s  luucli  «]iM»rner, 
suggested  long  ngo,  tliat  they  might  be  elevations ;  and  the  Mtereo- 
seope,  used  in  iIk;  manner  already  desciihed,  cxhiliits  them  an 
floating  ahove  the  pliotospheie  like  elouds.  Indeed,  tliere  eaii  Ijc 
little,  if  any  doubt  that  tlu-y  are  elevated  above  the  general  surface, 
;iiid  they  have  been  seen  aetually  to  project  at  the  sun's  margin 
like  inountains.*  Yet,  although  they  gain  in  relative  brightness, 
as  eoinp:iri;d  with  the  baekgrounil,  in  pr(;i)ortion  as  they  are  nearer 
to  the  liiiib,  W  iiiiieeke,  a  most  trustworthy  authority,  saysf  that 
Miter  they  have  reaehcd  a  very  close  pn^ximity  to  the  border, 
they,  too,  fade  away  like  the  general  surface  of  the  sun  in  the  same 
l)Osition.  The  photograph  of  the  sun,  already  exhibited,  will  liave 
given  some  idea  of  the  appearance  of  these  objects.  Their  dimen- 
sions vary  as  greatly  as  those  of  the  spots.  One  facula;  observed:^ 
bv  llerst^hel  was  2^'  long,  which  corresponded  to  a  real  length  of 
71,000  miles,  being  more  than  nine  limes  the  diameter  of  our  earth. 

A  carious  and  frequent  appearance  is  that  of  the  so-called 
"  bridges,"  which  often  cross  a  spot  dividing  it  like  partitions. 
Sometimes  these  are  intensely  brilliant,  crossing  penumbra  as  well 
as  nucleus,  while  in  other  cases  they  are  no  brighter  than  the  pe- 
numbra, and  only  perceptible  when  in  contrast  with  the  dark  nu- 
cleus. These  bridges  are  of  such  frequent  occurrence  that  it  is  evi- 
dent they  are  characteristic  phenomena  ;  and  no  explanation  of  the 
spots,  or  of  the  nature  of  the  sun,  can  be  deemed  adequate  which 
fails  to  account  for  them.  Both  their  formation  and  their  disap- 
pearance have  been  frequently  observed  ;  tongues  of  light  are  seen 
darting  across  from  one  side,  or  from  both  sides  toward  each  other, 
until  a  bridge  is  established,  in  a  way  not  unlike  that  which  natu- 
ralists describe  when  microscopic  organic  forces  are  in  process  of 
development ;  and  again  the}'  are  seen  to  fade  gradually  away, 
growing  fainter  and  fainter,  until  from  an  intense  brightness  they 
have  seemed  to  dissolve  and  disappear.  One  of  these  is  shown  in 
Fig.  3  of  the  accompanying  Plate,  copied  from  a  drawing,  by  Mr. 
Haslett,  of  a  spot  seen  in  October,  1866. 

Such  are  the  appearances  to  be  observed  with  a  telescope  of  mo- 
derate power,  say  Avith  one  magnifying  not  more  than  one  hundred 
times,  and  with  an  object-glass  of  not  more  than  five  inches  in  di- 

*  Monthly  Xotes  i?.  Asir.  Soc.  XX,  50  :   XXIII,  1-3,  110;  XXIV.  55. 

f  Die  Sonne,  p.  2o. 

+  1800,  Dec.  3,  IIer;clieli  measure-  gave  2'  45.9". 
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ameter.  But  when  larger  instruments  and  higher  powers  are 
brought  to  bear — with  good  defining  capacity,  and  solar  eje-pieces 
which  protect  the  eye  without  confusing  the  delicate  details  of  the 
image — a  new  series  of  phenomena  is  revealed,  and  one  of  the 
greatest  importance  for  guiding  to  a  knowledge  of  the  sun's  true 
structure. 

So  long  ago  as  Scheiner's  time,  the  mottled  or  corrugated  aspect 
of  the  sun's  disk  was  seen  to  be  due  to  irregular  and  very  narrow 
streaks  of  light.  Scheiner  himself  had  observed  them,  and  dis- 
coursed upon  them  in  his  great  work  on  the  solar  spots,  the  "  Rosa 
Ursinar  Herschel  found*  that  the  darker  intermediate  portions 
were  dotted  with  small  points  as  black  as  the  nuclei  of  spots.  These 
points,  or  pores,  as  they  are  often  called,  appear,  in  general,  nearly 
round,  and  are  dotted  in  countless  numbers  over  every  part  of  the 
surface.  They  seem  to  be  undergoing  continual  change,  so  that  an 
individual  point,  the  position  of  which  is  accurately  noted  at  one 
instant,  is  at  the  next  moment  not  to  be  found ;  or,  in  other  cases, 
may  have  expanded  and  formed  itself  into  a  little  round  spot  with- 
out penumbra,  such  as  exist  in  large  numbers,  and  may  almost  al- 
ways be  found,  on  careful  scrutiny,  in  the  vicinity  of  large  spots. 
Indeed,  the  large  spots  are  not  unfrequently  developed  from  groups 
of  these  small  ones.  But  Dawes,  a  conscientious  and  careful  Eng- 
lish observer,  thinks  f  that  the  varying  aspect  of  the  pores  is  due 
to  slight  atmospheric  fluctuations  which  bewilder  the  sight,  when 
the  object  under  examination  is  so  minute.  And  he  says,  too,  that 
these  points,  or  pores,  have  to  him  the  aspect  of  very  small  fissures 
or  short  dark  lines,  and  are  rather  gray  than  black. 

About  the  year  1868,  Mr.  Nasrayth,  of  Manchester,  the  celebrated 
inventor  of  the  steam  hammer,  announced  X  the  discovery  that,  with 
a  powerful  telescope  of  sharp  defining  power,  and  under  favorable 
atmospheric  conditions,  the  whole  luminous  surface  of  the  sun  ap- 
peared to  consist  of  a  thin  layer  of  bright  filaments,  shaped  like 
willow  leaves,  averaging  about  1000  miles  in  length  and  about  100 
in  breadth ;  thatthese  lay  scattered  over  the  sun  generally  in  every  va- 
riety of  direction,  across  each  other  ;  and  that  the  black  points  were 
simply  the  interstices  between  the  willow  leaf  filaments.  This  an- 
nouncement stimulated  at  once  to  very  minute  scrutiny  of  the  face  of 

*  PhiL.  Trans.  1802,  p.  294.  ^ 

t  Monthly  Notices  R.  Astr.  Soc.  XXIV,  35. 
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the  .<uii,aii(l  to  an  activi^f'oiitrovijrsyuiMoiig  Um;  ohsorvors.  AIla;/rce<l 
tliut  tlio  liiiiiiiiouM  surl'anc  was  corn  posed  (jf  briglit  particles,  but  Nas- 
myth's  (loscrij)tioii  i'ounil  hut  little  connrinatioii.  One  observer 
jiroposod  the  term  "  rice-grains''  as  Ijctter  representing  the  furrn  of 
the  ohjects  in  ([uestion  ;  another  preferred  the  word  granulations  ; 
a  third  compared  ihcm  to  beach  gravel;  and  a  fourth  conaidered 
crystals  as  the  i>roj)er  term.  Many  stated  that  these  luminous  par- 
ticles had  long  been  well  known  to  them;  but  all  agreed  that  they 
bore  small  resemblance  to  willow  leaves,  and  indeed  Mr.  Nasmvth 
subsequently  modified  his  original  statement  by  assorting  the  gra- 
nules in  four  classes,  one  of  which  was  tlie  willow  leaf.  Huggins, 
Dawes,  Chacornac,  Stone  and  others  have  observed  and  written  much 
upon  the  subject,  and  the  general  facts  established  seem  to  be  essen- 
tially those  which  have  been  very  clearly  set  forthby  Mr.  Huggins, 

of  Loudon.* 

(To  be  conlinueJ.) 


PRELIMINARY  REPORTS  FROM  THE  U.  S.  ECLIPSE  PARTIES. 

It  is  3^et  too  early  to  learn  the  full  results  of  the  observations  of 
the  eclipse  of  22d  December,  made  bj  the  American  observers. 
Enough,  however,  has  been  received  to  assure  us  of  a  very  varied 
fortune  experienced  in  the  several  localities  chosen.  The  following 
is  the  substance  of  the  preliminary  reports  made  by  the  Naval  Pro- 
fessors to  Commodore  Sands,  Superintendent  of  the  U.  S.  Xaval 
Observatory. 

Prof.  Hale,  b}^  letter  of  22d  from  Syracuse,  reports  "  That  the 
four  contacts  were  pretty  well  observed.  During  the  total  eclipse, 
thin  clouds  covered  the  Moon,  making,  I  think,  the  physical  obser- 
vation somewhat  doubtful.  The  protuberances  were  very  well 
seen.  They  were  of  a  pale  red  color,  and  not  so  bright  as  I  expec- 
ted them  to  be.  The  clouds  interfered  with  my  observations  of 
the  Corona ;  I  could  detect  but  very  little  of  the  radiating  and 
curved  streamers  given  in  so  many  pictures,  and  the  slight  radia- 
tion that  1  saw  might  have  been  produced  bv  the  clouds.'' 

"I  need  hardly  say  that  the  total  eclipse  was  a  beautiful  sight." 

Prof.  Harkness  writes  from  Catania,  Sicilv :  "  Our  latitude  and 
longitude  observations  together  with  the  necessary  triangulation  to 
connect  our  observing  stations  in  the  north  bastion  at  the  Prima 

*  Monthly  Notices  R.  Asir.  Soc.  XXVI,  200, 
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Porta  Tessa  with  tlie  principal  buildings  in  the  city,  were  com- 
pleted some  days  before  the  eclipse.  Observations  were  also 
made  to  determine  azimuth  and  magnetic  variation.  Up  to  De- 
cember 20  the  weather  was  very  fine ;  on  that  day  the  barometer 
fell  and  the  sky  became  cloudy.  On  the  21st  and  22d,  however, 
excellent  observations  for  time  were  made,  and  our  operations  for 
the  eclipse  were  complete.  At  its  beginning  the  sky  near  the  Sun 
was  perfectly  clear.  The  first  contact  was  observed  at  11  hours, 
35  minutes,  27'0  seconds.  As  the  eclipse  advanced,  the  bright  line 
was  looked  for,  which  was  shown  in  such  a  marked  manner  along 
the  edge  of  the  Moon's  limb  in  the  photographs  taken  at  Des  Moines 
last  year;  but  no  trace  of  it  could  be  seen  till  12  hours,  8  minutes, 
when  I  thought  I  perceived  it. 

"  Fifteen  minutes  before  totality  a  dense  cloud  hid  the  Sun  en- 
tirely. The  wind  was  blowing  with  a  force  of  from.  3  to  5 ;  so  that 
the  telescope,  though,  sheltered  by  the  parapet  of  the  bastion,  was 
steady,  and  the  lanterns  could  not  be  lit  near  it. 

"  Within  five  minutes  of  totality,  the  cloud  over  the  Sun  fast 
became  less  dense.  Presently,  a  thin  crescent  was  all  that  remained 
of  the  Sun,  and  this  dwindled  rapidly  away,  so  that  at  1  hour  11 
seconds  I  observed  the  commencement  of  totality  with  the  naked 
eye.  The  cloud  was  sufficiently  thin  to  allow  the  Corona  to  be 
seen,  but  diminished  in  extent  and  brilliancy,  appearing  scarcely 
more  than  two-thirds  as  large  as  that  seen  in  Des  Moines. 

"  With  an  Arago  polariscope  in  hand  the  first  ten  seconds  were 
spent  in  observing  that  the  sky  was  polarized  all  around  the  Corona, 
while  the  Corona  itself  showed  no  trace  of  polarization.  Springing 
to  the  spectroscope,  I  saw  the  green  line  of  which  I  found  the  read- 
ing to  be  about  the  same  with  that  of  1869.  The  spectroscope  di- 
rected to  many  different  parts  of  the  Corona  by  my  friend  Captain 
Tupman,  E.  M.  A.,  showed  the  same  green  line. 

"  During  the  last  few  seconds  of  the  totality,  the  thin  cloud  cov^ 
eriug  the  Sun  became  nearly  dissipated,  and  the  faint  continuous 
spectrum  of  the  Corona  became  visible.  I  could  not  believe  that 
the  eclipse  had  lasted,  according  to  the  chronometer  (Negus'  of  New 
York),  one  hundred  and  fifteen  seconds ;  it  seemed  a  moment  only, 

"  I  think  that  our  observations,  though  made  at  disadvantage  by 
the  high  wind  and  the  thin  cloud,  prove  beyond  question  that  the 
Corona  does  belong  to  the  Sun;  that  it  is  to  a  great  degree,  if  not 
entirely,  self-luminous,  and  that  its  light  gives  a  green  line  at  about 


Prcliiaiiutri/  Uiports  from  the  II.  S,  L'cUjn'   fKi '/>'..  !;;0 

l,t7l  divisions  of  KirchbofT's  hcuIo.  The  olwcrvaii'^n.s  by  iii<:  [I'A- 
jiriscopo  <^i>  to  pi'ovc  tli.'iL  tlu;  light  from  th<;  (Jorona  is  not  polarized, 
I'ivt'  iiiiMiitfs  alter  tho  totality  was  over  tlic  sky  became  perfectly 
cKiar.  Tlic  last  contact  was  at  2  hours  11)  rninut(?s  by  thechronomc- 
tor,  which  was,  approximately,  1  hour  2  niiiiiit«;s  45  Hcconds  slow 
of  Syracuse  local  mean  time." 

I'rof.  Now'comb  reports  from  (Jibralter  yet  more  favorably. 

"I  had  chosen  a  position  more  tlian  a  mile  from  the  town  near 
the  southern  end  of  the  rock,  because  the  authorities  have  all  agreed 
that  a  ^Levanter'  would  cover  the  rock  with  fog,  though  it  might 
be  clear,  both  to  the  north  and  soutli.  An  hour  before  the  eclipse 
commenced,  it  rained  so  hard  that  I  had  to  cover  my  instruments; 
in  a  half-hour  more,  the  straits  were  covered  with  clouds  and  mists 
with  hardly  a  patch  of  sky  to  be  seen  except  in  the  north,  but  20 
minutes  later  the  clouds  moved  north,  leaving  some  thin  places 
through  which  the  Sun  was  seen  at  intervals.  I  succeeded  in  ob- 
serving the  first  contact  which  did  not  occur  till  about  25  seconds 
later  than  the  time  predicted  by  Hansen's  tables  in  the  British 
Nautical  Almanac,  but  very  near  the  time  of  the  American  Ephc- 
meris.  During  the  intervals  in  which  I  could  see  the  Sun,  using 
the  lightest  shade,  I  succeeded  very  well  in  obtaining  transits  of  the 
cusps  for  determining  the  direction  of  the  centre  of  shadow. 

"  I  got  the  compjencement  of  totality  very  well.  During  the 
total  phase,  the  clouds  thinned  out  enough  to  give  a  view  of  the 
Corona  and  the  protuberances  through  the  flying  scud.  The  obser- 
vations to  which  I  had  intended  to  devote  the  two  minutes  of  to- 
tality, had  reference  to  the  physical  appearance  of  the  phenomenon  : 
its  form  and  dimensions,  the  relative  brilliancy  of  its  parts  and  its 
apparent  structure.  I  desired  to  note  especially  whether  it  seemed 
nebulous  or  whether  its  light  seemed  soft  and  uniform.  The  clouds, 
however,  prevented  my  seeing  more  than  this,  that  the  light  was 
perfectly  soft  and  milky  without  any  appearance  of  cloudiness. 
The  striation  so  frequently  described  by  observers  was  certainly 
not  there.  There  was  nothing  whatever  in  the  shape  of  rays  to  be 
seen  through  the  scud.  The  protuberances  were  very  numerous 
and  much  more  brilliant  than  the  Corona,  exhibiting  the  numerous 
fantastic  shapes  shown  in  the  photographs  of  the  last  eclipse.  Their 
redness  was  very  brilliant  indeed  The  most  noticeable  rose  up 
from  the  ^[oon   like  a  horn.     The  darkness  was  even  less  than  I 
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expected,  as  I  could  read  the  face  of  the  chronometer  within  my 
tent  without  difficulty. 

"  During  the  half  hour  following  the  total  phase  I  obtained  very 
good  transits  of  the  cusps,  and  near  the  end  of  the  eclipse,  meas- 
ures of  the  distance  of  the  cusps."  Altogether  the  observations  may 
be  regarded  as  successful. 

From  Prof.  Eastman,  who  had  charge  chiefly  of  the  Meteorologi- 
cal Observations  no  report  has  as  yet  been  received.  It  will  be 
seen  that  the  impressions  given  by  the  floating  notices  in  the  news- 
papers have  been  unnecessarily  discouraging. 

The  naval  professors  have  not  as  yet  returned  to  the  United  States, 
being  engaged  under  the  instructions  from  the  Observatory  in  vis- 
iting and  inspecting  closely  the  chief  European  observatories.  The 
utmostcourtesy  has  been  extended  to  them  by  the  Eoyal  Astronomer, 
the  Eadcliffe  observer  and  Mr.  Newall,  the  proprietor  of  the  splendid 
telescope  at  Gateshead,  and  others.  Drawings  of  that  telescope  (25- 
inch  object  glass)  have  been  made  by  Mr.  Newall  and  forwarded 
to  Commander  Sands. 

The  same  courtesy  from  Sir  James  Anderson  and  Mr.  Galley, 
Superintendent  of  the  Government  Telegraph,  placed  the  land  wires 
and  the  Falmouth,  Malta  and  Gibralter  Cable  at  the  use  of  the  pro- 
fessors for  determining, by  time  signals  the  longitude  of  Gibralter, 
Malta,  Catania  and  Syracuse ;  and  tendered  a  passage  to  Gibralter 
in  H.  B.  M.  S.  "The  Urgent."  At  Gibralter  and  Syracuse  the 
Italian  authorities  offered  every  facility. 

At  Augusta,  Sicily,  they  had  the  pleasure  of  meeting  with  a  large 
party  of  Italian  and  English  astronomers,  Father  Secchi  being  one 
of  the  company. 

AVe  learn  from  private  letters  some  items  of  the  varying  fortunes 
of  other  observers.  Prof.  Peirce,  of  the  United  States  Coast  Sur- 
vey, and  Prof.  Watson,  of  the  Michigan  University,  are  reported 
to  have  succeeded  in  getting  full  views  of  the  totality,  at  a  station 
happily  chosen  a  few  miles  out  of  Syracuse.  By  a  reverse  of  for- 
tune Prof.  Peters,  of  Hamilton  College,  so  renowned  for  his  dis- 
coveries of  asteroids,  missed  the  phenomenon,  owing  to  a  furious 
snowstorm  at  Mount  Etna.  It  is  possible  that  a  good  view  was 
obtained  by  parties  higher  up.  But  Prof.  Hall  writes  that  an  En- 
glish party  went  up  some  5,000  feet,  but  were  in  the  storm  the 
whole  of  the  totality. 


IliJdiofjrdjtliicdi  Nolii'ca.  Ml 

(ii'ii.  Al)l)i)tl,  <>r  iIm'  r.  S.  Artiiv,  suw  iiolliiii;^  lliongli  Imj  wciil 
ii|)  still  liij^lier.  I'luf.  Watson  lm<l  a  cloiir  sky.  He  went  down  to 
("ailciitliii  iicMi-  till-  central  lino  .'ind  liail  a  full  vi<!W. 

'I'hc  worst  I'iitc!  seems  to  have  attended  the  I'ln^disli  and  Krcneli 
parties  who  crossiul  the  Straits.  Those  at  Oran  had  a  furious  storrn 
.•irouiid  thiMM.  M.  ..'ansscn,  so  successful  in  the  cclip.se  of  1808,  saw 
uothinu;.  IhMiad  come  out  of  P;iris  in  a  biilloon  t(j  observe  the 
p  1 1  c  n  I )  n  H  •  I K I  n . 


|iMi0gv.a|)]\ic:al  policf 


,s. 


The  Kansas  Ci(>/  Bnd'je.  By  O.  Chanute,  Chf.  Eng.,  and  George 
Morrison,  Asst.  Eng.  Illustrated.  D.  Van  Nostrand,  N.  York. — 
Following  the  example  of  Mr.  T.  C.  Clarke,  Messrs.  Chanute  and 
Morrison  have  produced  a  valuable  addition  to  that  class  of  pro- 
fessional literature  which  has  for  its  object  tlie  simple  record  of 
executed  works. 

It  is  a  pity  that  so  few  such  books  are  published,  the  theoretical 
side  of  the  question  having  had  almost  the  sole  attention  from  writers, 
until  there  is  very  little  more  to  be  said.  An  engineer  who  takes 
the  trouble  and  pains  to  relate  the  practical  difficulties  under  which 
certain  works  were  carried  on,  and  how  these  difficulties  were  suc- 
cessfully met,  deserves  the  thanks  of  his  professional  brethren. 

In  the  volume  before  us,  Messrs.  Chanute  and  Morrison  have 
given  a  detailed  description  of  the  Kansas  City  Bridge,  embracing 
the  history  of  the  project,  and  character  of  the  work  in  relation  to 
the  hydrography  of  the  Missouri  river.  By  far  the  most  interesting 
feature  to  the  engineer  is  that  of  the  foundations,  which  involved 
difficulties  hitherto  unprecedented  in  the  annals  of  American  engi- 
neering. How  these  difficulties  arose,  were  met.  and  conquered, 
are  detailed  at  great  length,  and  amply  illustrated  by  scale  draw- 
ings. This  chapter  is  one  of  great  interest  and  of  positive  value, 
since  the  problem  of  economically  founding  masonry  in  deep  water, 
amid  shifting  sands  and  rapid  currents,  is  perhaps  the  most  difficult 
one  with  which  an  engineer  has  to  deal.  In  regard  to  the  super- 
structure, there  is  nothing  particularly  new,  the  principal  feature 
being  the  great  draw  span  of  360  feet,  designed  and  built  by  the 
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Keystone  Bridge  Company  of  Pittsburg.  The  draw  is  wholly  of 
iron,  while  the  permanent  spans  are  a  combination  of  wood  and  iron, 
all  compressive  members  being  wood,  and  the  tension  of  iron.  Why 
any  wood  v/as  used  at  all  in  a  work  of  the  magnitude  of  the  Kansas 
City  Bridge,  we  are  at  a  loss  to  see,  as  we  believe  the  economy 
which  must  have  dictated  its  use  to  be  more  fancied  than  real. 

The  draw  span  is  open  to  considerable  criticism,  since  it  has  been 
proportioned  when  closed,  as  if  there  were  two  independent  spans 
on  either  side  of  pivot,  no  reference  being  had  to  the  continuity 
that  really  exists  at  that  point.  The  necessity  for  regarding  the 
draw  as  a  beam,  supported  in  the  middle,  is  very  apparent,  from 
the  fact  that  a  train  upon  one  arm  "  has  caused  the  further  end  to 
rise  seven-eighths  of  an  inch."  The  wedge  blocks  under  the  free 
ends,  intended  to  give  a  bearing  when  the  draw  is  closed,  have  so 
little  lifting  power  that  almost  the  whole  weight  continues  to  be 
carried  by  trhe  pivot  pier.  Mr,  Chanute  proposes  to  remedy  this  error  of 
design  by  introducing  hydraulic  jacks  under  the  end  posts,  by  which 
means  sufficient  lifting  power  can  be  brought  into  action,  and  it  is 
to  be  hoped  will  in  a  great  measure  cause  the  actual  strains  to  con- 
form to  those  calculated.  The  problem  of  a  self-sustaining  draw  is 
one  of  considerable  nicety,  and  perhaps  in  this  country  has  not  re- 
ceived the  analytical  consideration  to  which  it  is  entitled.  All  of  the 
great  draws  of  which  we  have  any  knowledge  have  been  computed  in 
precisely  the  same  manner  as  that  of  the  Kansas  City  Bridge. 
Messrs.  Chanute  and  Morrison  have  candidly  called  attention  to  this 
fact,  and  they  have,  moreover,  gone  mathematically  into  the  ques- 
tion, resulting  in  a  determination  to  replace  the  "  wedges"  by 
"jacks,"  as  above  remarked. 

The  wisdom  of  making  a  draw  "  self-sustaining"  is  open  to  con- 
siderable discussion.  Except  in  very  great  spans,  we  think  the 
gallows  frame  draw  has  superior  advantages.  Although  less  pleasing 
in  appearance,  the  gallows  frame  is  cheaper,  easily  adjusted,  and 
needs  no  complicated  lifting  appliances  under  the  free  ends.  When 
a  span  is  large,  the  expense  and  inconvenience  of  carrying  up  high 
towers  may  be  easily  gotten  over  by  attaching  the  chains  to  a  point, 
say  a  quarter  or  half  span  in  length  from  the  free  ends,  in  which 
case  the  part  of  the  truss  beyond  the  point  of  support  must  be 
made  self-sustaining.  Such  construction  has  by  no  means  a  poor 
eflect,  and  results  in  a  marked  saving  for  those  who  have  to  pay  for 
it,  over  what  would  be  required  for  a  properly  proportioned  self- 
sustaininer  draw  bridge. 
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Messrs.  Cliaimli:  ;iiiil  Morrison  dcscrv"!  llic  lliaiik.s  uf  their  pro- 
lossioiiul  brcitlircn  lor  tlmir  C(jiitril)Utioii  to  the  literature  of  practical 
iMigiueerin^',  uikI  tlicir  well  <loiii^^  has  been  creditably  Mecunded  by 
their  publisher,  Mr.  Vau  Nostraiid,  who  has  exereisc<l  as  riiueh  goo<l 
taste  in  tlu*  iiiaiiiier  of  the  publication  as  the  writers  have  in  their 
inaltor.  We  have  no  doubt  that  the  b<jok  will  be  rewarded  with 
the  larufi'  sale  it  deserves.  A.  v.  H. 


On  the  llypoUusis  of  A'coluliori:  Physical  and  MtL'jphijoiaxl.  By 
Prof,  Edward  D.  Cope,  New  Haven,  Conn. :  Charles  C.  Chatfield 
k  Co.     1870. 

'V\\c  coldness  and  disfavor  with  which  the  doctrine  of  develop- 
ment is  still  received  with  us  is  in  remarkable  contrast  with  it.s 
enthusiastic  reception,  and  almost  universal  a.scendency  in  the 
schools  abroad.  As  to  the  causes  of  this  state  of  things,  a  variety 
of  opinions  may  be  urged ;  but  there  can  be  but  one,  concerning 
the  value  of  a  clear,  philosophical  review  of  this  most  interesting 
field  of  modern  science.  A  review  of  this  character  we  have  in  the 
work  before  us,  a  fact  which  the  acknowledged  ability  of  its  learned 
author  would  fullv  assure. 


■ranl^liw  Unsiituif. 


Proceedings  of  the  Stated  Monthly  Meeting,  Novemher  16th,  1870. 

The  meeting  was  called  to  order  by  the  President,  Mr.  Colemau 
Sellers,  in  the  chair.  The  minutes  of  the  last  meeting  were  read 
and  approved. 

The  Actuary  submitted  the  report  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  held  November  9th,  donations 
were  received  from  the  Royal  Astronomical  Society :  The  Society 
of  Arts,  London,  and  the  Steam  Users"  Association,  of  Manchester, 
England. 

The  report  of  the  Secretary  upon  Xovelties  in  Science  and  the 
Mechanic  Arts,  was  then  read,  upon  which  it  was  announced  that 
the  following  gentlemen :— Prof,  Henry  Morton,  J.  Blodget  Britton, 
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S.  Henrj  Bower,  11.  W.  Bartol,  Ilenrj  Jacobs,  P.  F.  Moody,  W. 
II.  WaU,  D.  S,  Holman,  W.  L.  Boswell,  Albert  ,K.  Leeds,  Cole- 
man Sellers,  John  G.  Moore,  B.  Howard  Eand,  E.  E.  Eogers,  F,  A. 
Gentli,  Samuel  Goforth,  Isaac  ISTorris,  Jr.,  W.  II.  Traman,  bad 
been  authorized  to  form  the  Chemical  Section  of  the  Institute. 
After  which  the  meeting  adjourned.  W.  H.  Wahl, 

Secretary  jpro  tern. 


Pro:eediiigs  of  the  Stated  Meeting,  December  21st,  1870. 

The  meeting  was  called  to  order  by  the  President,  Mr.  Coleman 
Sellers,  in  the  chair.  The  minutes  of  the  last  meeting  were  read 
and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  that  at  their  last  meeting,  held  December  14th,  they 
received  donations  to  the  Library  from  the  Chemical  Society  and 
the  Institute  of  Actuaries,  London  ;  and  the  Steam  Users'  Associa- 
tion, Manchester,  England,  and  from  Prof.  Benjamin  Pierce,  Super- 
intendent of  the  United  States  Coast  Survey,  Washington,  D.  C. 
Furthermore,  that  Messrs.  W.  B.  Bement  and  Samuel  Hart  had  re- 
signed their  membership  in  the  Board  of  Managers,  and  that  the 
following  members  had  been,  at  their  request,  authorized  to  consti- 
tute the  Meteorological  Section  of  the  Institute,  to  wit, — John  Wise, 
W.  H.  Wahl,  Joseph  E.  Hover,  Thomas  S.  Speakman,  Henry  Morton^ 
Eobert  E.  Eogers,  Hector  Orr,  B.  Howard  Eand,  Albert  E.  Leeds, 
Coleman  Sellers,  Fairman  Eogers,  Thomas  Shaw,  Basil  Sewell, 
Pliny  E.  Chase,  John  G.  Moore,  D.  S.  Ilolman,  B.  H.  Moore,  Alex. 
Purvis. 

A  paper  was  read  by  Mr.  Hector  Orr,  upon  the  details  of  con- 
struction of  the  proposed  bridge  between  Philadelphia  and  Camden. 
This  was  followed  by  another,  by  Mr.  John  AYise,  upon  the  light- 
ning rod  ;  in  which  the  author  contended,  by  the  presentation  of  a 
goodly  array  of  statistics,  that  the  rod,  as  generally  attached,  fre- 
quentlv  acted  as  an  incendiary  instead  of  a  protector  of  our  build- 
ings.     The  paper  provoked  considerable  discussion. 

Prof,  A.  E.  Leeds  submitted  a  statement  concerning  the  effects 
upon  the  system  of  inhaling  Carbonic  Oxide,  which  was  substanti- 
ated by  Mr.  Coleman  Sellers. 

The  Eesident  Secretary  then  presented  his  report  on  Novelties  in 
Science  and  the  Mechanic  Arts,  after  which  the  meeting  adjourned* 

W.  H.  WahLj  Secretary  pro  tern. 
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ITEMS  AND  NOVELTIES. 

The  Hoosac  Tunnel.-This,  one  of  the  most  cxtrnordinary 

en-ineering  labors  ever  projected  in  this  country,  was  undertaken 

AviTh   the  view  of  forming  a  more  direct  railway  connection,  and 

one  more  central  to  the  State  of  Massachusetts, between  ihe  Hudson 

river  and  Boston,  than  that  afforded  by  the  principal  route  hitherto 

existing  (the  Boston  and  Albany  Railroad).     The  Tunnel  routc- 

if  carri°ed  to  a  successful  culmination,  and  of  this,  the  unnring  en- 

ercry  and  engineering  talent  of  the  Messrs.  Shanly,  the  present  su- 

peHntendents  of  the  enterprise,  furnish  the  strongest  grounds  for 

belief— will  have  for  its  western  terminus  the  city  of  Troy,  and  will 

be  about  ten  miles  shorter  between  that  point  and  Boston  than  the 

exi.iin^r  route;  while  in  respect  to  gradients,  the  tunnel  line  will 

have  oreiitly  the  advantage  over  the  latter,  in  having  no  inclmea 

exceeding  forty  five  feet    in   the  mile,  against  gradients  of  from 

eighty  to  ninety  feet  on  the  other. 
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The  railways  of  which  the  tunnel  is  designed  to  be  the  connecting 
link,  are  already  completed  up  to  the  mountains  on  either  side.  At 
the  present  time  and  until  the  completion  of  the  tunnel,  stages  are 
in  requisition  to  carry  travellers  over  "  the  Hoosacs,"  to  complete 
connections  on  either  side.  The  westerly  portal  of  the  tunnel  is 
at  Korth  Adams,  fifty  miles  distant  from  Troy,  and  the  easterly  one 
is  in  the  valley  of  Deerfield  river,  130  miles  from  Boston. 

The  Hoosac  Mountain,  through  the  ribs  of  which  the  tunnel  is 
being  pierced,  is,  at  its  highest  pointalong  the  line,  2508  feet  above 
tide,  and  the  two  portals  a  trifle  over  760  feet  above  the  same.  Lith- 
ologically,  it  consists,  almost  throughout,  of  mica  schist,  the 
westerly  side  displaying  for  half  a  mile  or  less  a  fault  of  somewhat 
altered  granite,  beyond  which  again  a  very  hard  quartzite  is  en- 
countered for  another  half  mile  or  more,  which  has  not  yet  been  fully 
penetrated.  The  east  end  workings,  now  upwards  of  8000  feet  in- 
Avards,  are  in  unmistakable  mica  schist,  occasional  narrow  veins 
of  quartz  being  met  with.  At  the  "  central  shaft,"  which  is  located 
nearly  midway  between  the  two  ends,  and  is  1030  feet  in  depth,  the 
workings  are  through  the  same  material. 

The  tunnel  is  designed  for  a  double  line  of  rails  ;  its  length,  when 
completed,  will  be  25,031  feet ;  its  width  is  24  feet ;  height  in  centre, 
20  feet ;  and  it  is  graded  from  each  end  to  the  centre  6  inches  in  the 
100  feet,  ascending  from  either  end. 

The  mountain  has  already  been  penetrated  : 

Fropi  the  east  side,  ....         8200 Jeet. 

From  the  west  side,  ....         5820     " 

And  at  "  central  shaft,"       .  .  .  .  200     " 


Showing  a  total  progress  in  the  work  of  .       14,220     " 

And  leaving  still  to  be  accomplished,  10,811  feet. 

The  daily  progress  averages  at  present  15  feet,  which  it  is  anti- 
cipated will  be  increased  to  18  feet  when  machine  drills  have  been 
introduced  into  the  central  workings  ;  this,  we  understand,  will  take 
place  in  about  two  months. 

The  system  of  working  varies  with  the  locality.  At  the  east  end, 
where  the  greatest  advance  has  been  made,  the  work  is  more  simple 
than  at  the  west  end  or  at  the  centre.  Here  (east)  the  rock  is  run 
out  by  an  engine  and  train  of  cars,  and  disposed  of  in  the  valley  of 
the  Deerlield  river.  At  the  east  end  two  operations  are  going  for- 
ward. Nearly  one-half  mile  from  the  portal  inwards  is  in  bad  ground-, 


Ttcms  and  Novi'Uiea.  117 

iC(|iiiriii"  l<)  lie  aiilicil  willi  hiick,  tin;  jdogrcHs  of  wliirli  in  nccc'H>>a- 
lily  slow,  Hill  I  I  111'  :i|>|ili;iric(rs  fur  this  uoi  Ic  taking  U|)lh(i  wliulo  Kpacc 
nltlii'  tmiiii'l,  till'  lurk  IVoiii  I  Ik;  solid  workitigH  fiirtlirr  in  cannot  be 
I  nil  out,  tliioii;jli  iIh!  portiil.  This  iiiiiucky  .state  of  altairH  ncccHHi- 
t.itiil  I  111!  lakin^i;  of  tlio  "  bad  gioiiiid"  in  tlio  rear,  by  winking  a  Hliaft, 
("il It'll  till!  "  wi'st  sliaCi,"  318  Icct  d(;e|>,  tiirougli  whicli  all  the  rock 
t'loiii  tin;  western  working's,  Ixdnnd  the  jiortion  ro<iiiiring  arcliing 
u  illi  brick,  is  hoislcd.  This  is  clVcclcd  by  a  double  lift,  worked  by 
sleaiii  power,  oiu;  biinu'iii^  to  tli<3  siirlaee  a  car  Ioa(h:d  witii  rock, 
the  other  taking  an  empty  car  to  the  Ixjftoni.  'i'his  alti^rnate  pro- 
cess goes  on  witii  great  regularity,  a  car  oC  lock  i-inerging  at  the 
surraco  every  2i  ndnutes. 

Nearly  midway  between  the  ends  of  this  tunnel,  and  in  a  deej> 
depression  of  the  mountain,  anotlicr  shaft  has  been  sunk.  Its  depth 
is  lOuO  feet,  its  sliajic  oval,  and  dimen.sions  27  by  15  feet.  This  is 
termed  the  "  eenti-al  shaft,"  and  has  recently  been  completed,  and 
the  work  of  driving  the  tunnel  east  and  west  therefrom  C(jmmenced. 
The  method  of  hoisting  the  rock  here  is  identical  with  that  at  tlic 
"  west  shaft ;"  the  machinery  is.  however,  more  powerful,  and  con- 
siderable pumping  is  required  to  keep  the  bottom  workings  free  of 
water. 

The  drilling  is  chiedy  done  by  the  machine  known  as  the  "Bur- 
leigh Rock  Drill,"  worked  by  compressed  air,  the  air  compressors 
being  also  of  the  Burleigh  Rock  Drill  Compaiu-'s  make,  the  drills 
working  either  horizontally  or  vertically,  as  occasion  requires.  The 
material  is  taken  out,  full  tunnel  width,  with  the  aid  of  eight  of  these 
machines,  mounted  horizontally  on  two  carriages,  which  are  run 
back — with  the  drills  still  in  place — far  enough  to  be  out  of  harm's 
way  during  the  operation  of  blasting,  which  is  performed  twice  in 
each  "shift"  of  eight  hours.  Of  the  drills  it  may  be  mentioned  that 
each  weighs  about  540  pounds,  and  under  a  pressure  of  60  pounds 
to  the  square  inch  will  make  upwards  of  200  strokes  per  minute, 
drilling  a  hole  1.^  inches  in  diameter. 

The  air  power  for  the  drills  is  obtained  through  the  agency  of 
water  power  at  the  east  end,  and  with  the  aid  of  steam  at  the  other 
two  points.  It  is  compressed  to  give  a  pressure  of  65  pounds  on 
the  square  inch,  and  is  conveyed  to  the  point  where  it  is  needed 
through  cast  iron  pipes,  8  inches  in  diameter,  which  are  fitted  with 
air-tight  joints. 

At  the  east  end  the  work  of  compressing  the  air  is  carried  on 
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upwards  of  9000  feet  from  the  point  where  the  drills  are  in  opera- 
tion, the  difference  in  pressure  at  the  working  points  being  only  2 
pounds  per  square  inch  compared  with  that  recorded  without  the 
tunnel.  The  exhaust  from  the  drills  furnishes  a  goodly  supply  of~ 
fresh  air  to  the  w^orkmen,  and  the  atmosphere  of  the  workings,  now 
8000  feet  from  the  outer  world,  is  perfectly  endurable. 

The  blasting  is  principally  accomplished  hj  means  of  nitro- 
glycerine, manufactured  on  the  place,  by  Mr.  G.  M.  Mowbray,  an 
experienced  chemist."  This  material, which  must  be  handled  with 
the  most  intelligent  caution,  is  allowed  only  in  the  hands  of  those 
who  are  adepts  in  its  use,  and  who  are  employed  especially  for  that 
purpose.'-^  Though  its  cost  is  ten  times  that  of  blasting  powder,  it  is 
nevertheless  found  advantageous  to  employ  it  in  certain  portions  of 
tl'.e  works.  In  the  nitro-glycerine  blast,  the  number  of  holes  sim- 
ultaneously charged  varies  from  ten  to  fifteen,  their  depth  is  usu- 
ally 60  to  72  inches  where  the  hole  is  horizontal ;  where  it  is  ver- 
tical, the  glj^cerine  charge  is  put  down  10  feet  and  upwards.  These 
figures  will,  of  course,  vary  with  the  nature  of  the  rock  and  other 
conditions. 

The  labor  employed  in  the  work  is  chiefly  of  the  kind  termed 
"  skilled  labor,"  the  underground  workers  being,  for  the  most  part, 
regularly  bred  miners  (a  large  proportion  of  them  being  of  the  very 
best  and  most  intelligent  class  of  Cornish  miners).  There  afe  also 
a  large  number  of  Irishmen  employed  underground,  who  are  highly 
prized ;  while  of  the  French  Canadians,  who  are  well  represented, 
it  is  said  their  aptitude  for  learning  has  already  made  excellent 
miners  of  many  of  them.  The  overground  men  employed  are 
chiefly  mechanics  and  American.  The  employees  number  about 
900,  men  and  boys. 

The  work  is  carried  on  day  and  night  (except  Sunday),  the 
twenty-four  hours  being  divided  into  three  working  days  or  shifts 
of  eight  hours  each. 

Such,  in  brief,  is  an  outline  of  the  nature  and  present  status  of 
this  most  important  work,  the  rapid  and  satisfactorj'-  progress  of 
which  reflects  eminent  credit  upon  its  talented  superintendents. 

A  new  Fire-escape  and  Ladder. — At  the  last  meeting  of 
the  Institute,  there  was  presented  and  described  a  contrivance 
of  this  character,  designed  and  patented  by  Mr.  Tobias  Witmer, 

*  See  a  very  vivid  description  of  this  process  in  Vol.  LYI.,  page  357,  of  this 
Journal. 
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of  i{iilV.ilo.  Tlicri!  uro  sovcrul  points  in  construction  for  wliicb 
tli(5  iiiviMitor  tiaiins  groat  rapidity  (jf  rnr^vcmcnt  from  [>Iacc  to 
places,  case  of  attacliiiictit  ami  matia^cnicnt ;  these  arc,  that  the 
ladder  is  iiioiiiilird  permanently  on  whtjcls,  and  is  rurnished  at  its 
lower  extremity  with  a  lever.  When  in  use  it  can  bo  dotaclicd 
from  the  truck,  or  Curward  half  of  its  carriage,  readily  raised — the 
angle  of  elevation  being  contrtjlled  by  a  rtjpe  and  windlass  attaclicd 
at  the  outer  extremity  of  the  lover  before  monti(nie<J — and  run  rap- 
idly to  any  needful  position.  The  top  of  the  ladder  is  furnislied  with 
a  car,  arranged  so  as  to  j)reservc  its  verticality,  at  wiiatever  angle 
ihc  ladder  may  be,  and  designed  for  the  rccc[)tion  of  a  fireman  to 
manage  the  hose  or  render  assistance,  as  the  case  may  demand ; 
while  on  the  outeredge  is  attached  a  pulley,  by  which  a  stout  canvas 
bag  is  raised  or  lowered  by  tliose  below,  and  in  which  persons  or 
goods  can  be  taken  from  the  burning  edifice  with  safety.  It  may 
be  added  that  the  ladders  are  of  the  extension  plan. 

Magnetic  Engines— their  possible  duty. — Attention  has 
been  drawn  lately,  in  some  of  the  {)ublic  prints,  to  one  or  more  forms 
of  magnetic  or  electric  engines  claiming  to  develop  an  available 
and  economic  motive  power.  In  view  of  this,  it  may  be  of  inte- 
rest, or  even  of  use,  if  we  put  before  our  readers,  in  a  few  words 
and  figures,  tbe  j^'^ssihililies  of  invention  and  improvement  in  this 
direction. 

The  total  mechanical  equivalent  of  a  pound  of  pure  carbon  con- 
sumed with  oxygen  is  7900  X  1390=10,981,000  foot  pounds,*  or 
in  other  words,  one  pound  of  pure  coal  burned  in  one  minute  would 
if  applied  with  absolute  economy  to  the  development  of  motion,  ex- 

„  10,981-000     „„^  ,  ,     . 

ert  a  force  or  — h^^Truu^ — =o62  horsepower  dunnj  one    minute^  or 

009 

if  burned  during^  an  hour,  would  exert  -tt^  =  5"5  horse-power  du- 
°  '  60  ^ 

rinj  the  hour;  or  again,  each  horse-power  would  require-;;^7^=  "13  of 

a  pound  of  coal  per  hour,  nearly,  or  say  1  pound.  Xow,  as  a  matter 
of  fact,  a  good  engine  and  boiler  does  develop  a  horse-power  for 
each  5  pounds  of  coal  consumed,  being  about  0^5  th,  or  say  -i  per 

^jSToti:. — By  Andrews'  expeiimeut?,  one  pound  of  carbon,  burned  with  free 
supply  of  oxygen,  will  heat  7900  pounds  of  water  one  degree  centigrade.  The  me- 
chanical equivalent  for  the  heating  of  one  pound  of  water  one  degree  centigrade 
is  1390  foot-pounds. 
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cent,  of  what  it  might  do  if  a  perfect  machiuo.  This  shows  us  that 
there  is  a  large  margin  for  improvement  in  reference  to  the  dutj'of 
our  steam  motors,  and  that  if  in  any  other  way,  chemical  force  can 
be  converted  into  motion  in  a  less  wasteful  way,  some  increase  in 
the  costliness  of  the  fuel  may  not  be  inconsistent  with  econom^^ 
But  this,  like  any  other  problem,  has  its  limits,  and  these  it  is  our 
purpose  to  define. 

The  total  mechanical  equivalent  of  zinc  is  1301X1390  = 
1,808,390,  or,  in  other  words,  a  pound  of  zinc  consumed  with  oxy- 
gen in  one  minute  would,  if  applied  with  absolute  economy  to  the 

production  of  motion,  develop  a  force  of — '0777^7^7^^  =55    horse- 

55 
power,     during     that   time;     or.   during     one    hour,   -=r=-91,  or, 

saj^  one  horse-power. 

Or,  in  other  words,  zinc  being  consumed  in  such  a  Avay  that  its 
total  useful  effect  should  be  applied  ivithout  any  loss  luhatever^ 
would,  weight  for  weight,  be  about  five  times  as  effective  as  coal  in 
its  present  wasteful  manner  of  consumption.  When,  then,  zinc  is 
less  than  five  times  as  costly  as  coal,  and  2<,  jyerfect  battery  and  elec- 
tric engine  have  been  invented,  these  will  compete  favorably  with 
the  steam  engines  of  the  present  day. 

With  reference  to  some  statements  that  have  been  published,  it 
may  be  interesting  to  note  that,  from  the  above  data,  it  is  evident 
that  with  a  'perfect  battery  and  engine,  to  develop  2|  horse-power 
for  10  hours,  would  demand  the  consumption  of  274  pounds  of 
zinc. 

Injectors  and  Pumps. — We  observe,  inourablecotemporary, 
Engineering^  a  statement  which  will  no  doubt  interest  many  of  our 
readers,  namely,  that  in  England  and  on  the  Continent  hundreds  of 
locomotives  are  running  with  injectors  alone,  and  without  being  sup. 
plied  with  feed  pumps  also,  as  is  so  generally  the  custom  in  this 
country,  while  hundreds  also  have  only  one  injector  as  their  sole 
supply,  and  yet  that  occasions  of  failure  even  under  this  last  con- 
dition are  exceedingly  few. 

Electric  Light. — In  some  experiments  made  at  St.  Petersburgh 
it  was  found  that  by  aid  of  an  electric  light,  a  target  at  1660  yards 
was  so  well  illuminated  that,  with  an  ordinary  field-piece,  the  balls 
could  be  invariably  lodged  as  truly  as  in  daylight.   Objects  at  some 
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(lislaiuf,  (III  riilirr  .side  of  llic  laij/rt,  wttru  al><i  rfinlc'r«-'<l  dearly 
visil)li'. 

Steel  Tyres.  A  ininilirr  ((Ijucidrnt.',  wliirh  have;  occurred  IVoiij 
the  bii'akiii;^  ol'slcrl  tvics  diiiiiij;  tli(3  latt;  severe  cold,  draws  atfeii- 
tioii  to  tlic  I'at't,  llial  a  veiy  uiiiu'cessary  dej^rec;  of  hardness  is  oflcn 
^ivoii  by  Jiiamiractiiieis  lo  these  parts.  The  desire  to  obtain  a  max- 
inuiin  of  iiiilea<j;c  aninii^  (;oni[)eli!ig  makers  has  gradually  led  to  tlic 
use  of  a  steel  whose  hardness  is  in  excess  of  what  .a  duo  regard  for 
security  from  bniakago  would  warrant. 

This,  liowcvtM',  is  not  the  only  condition  involved.  'J'he  amount 
of  shrinkage  should  be  jiroportioncd  to  the  elasticity  of  the  tyre, 
and  also  to  the  rigidity  of  tlie  wheel.  In  rapid  running,  .say  of  an 
express  train,  at  50  miles  })cr  hour,  the  strain  developed  by  centri- 
fugal force  amounts  to  about  4  tons  per  .square  inch  of  .section. 
The  shrinkage  strain  should  be  a  little  in  excess  of  this.  Now,  a 
steel  tyre,  of  average  quality  and  hardness,  on  a  perfectly  rigid 
wheel,  -will  develop  a  strain  of  about  3J  tons  per  square  inch  for 
each  ,  J^tli  inch  shrinkage  allowed  per  foot  diameter.  Thu.s,  ^\^\.\\ 
inch  per  foot,  or  about  ,V,th  inch,  in  a  tyre  of  3  feet  internal  diam- 
eter, would  involve  an  initial  tension  of  7  tons  per  square  inch.  But 
the  yielding  of  the  wheel  which  would  in  practice  occur,  would 
probably  reduce  this  strain  to  -i  tons.  These  calculations  are  based 
on  the  assumption  that  the  steel  will  stretch  about  ,  ..^^o^^  P^^  ^^^ 
of  strain.  If  the  steel  is  harder,  however,  the  strain  will  be  greater, 
and  so  the  old  rules  for  shrinkage  will,  with  harder  steels  than  those 
on  which  they  were  calculated,  develop  an  undue  strain.  The 
change  in  temperature  acting  equally  on  wheel  and  tyre,  has  prob- 
ably little  effect  in  causing  the  breakage  of  tyres,  which  is  rather 
due  to  the  severer  shocks  developed  by  the  frozen  and  rigid  perma- 
nent way.  AVe  owe  the  material  of  the  above  abstract  to  our  able 
cotemporar}'-,  EivjineerinQ. 

Boiler  Incnistation. — Among  the  many  means  proposed  for 
the  prevention  of  this  cause  of  danger,  loss,  and  inconvenience,  too 
little  attention  has  been  given  to  those  which  might  be  described  as 
preventives  rather  than  cures.  The  preliminary  purification  of 
water  by  filtration,  and  by  chemical  treatment,  such  as  the  precipi- 
tation of  carbonate  of  lime  by  lime  water,  known  as  Clark's  method, 
and  the  use  of  surface  condensers,  either  of  the  immersed  or  of  the 
evaporative  type,  are  w-orthy  of  attention  in  many  cases  where  less 
effective,  and,  in  the  end,  more  costly  means  are  now  in  use. 
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Ocean  Telegraph — running  speed. — The  French  Atlantic 
cable  lias  been  occasional!}^  sending  as  many  as  10,000  words  per 
day  of  24  hours,  but  the  usual  business  on  the  line  is  about  7000 
words  daily,  or  5  words  a  minute  for  21  hours. 

A  Screw  Propeller  Ferry  Boat. — The  Grand  Trunk  Railway 
of  Canada  has  imported  an  iron  ferry  boat,  with  twin  screws,  to  run 
between  Fort  Erie  and  Buffalo  and  Serrnia  and  Port  Huron.  She  is 
sometliing  over  300  feet  long,  45  feet  beam,  14  feet  deep,  and  can 
carry  an  entire  train,  with  locomotive.  She  was  built  at  r^arrow, 
by  Messrs.  Palmer  &  Co.,  and  will  be  put  together  at  Fort  Erie  by 
Mr.  T.  Campbell. 

Varied  Strain  on  Railroad  Wheels. — From  experiments  of 
Baron  Von  Werder,  mentioned  in  Kn<jineerin(j^  it  aT)pears  that  the 
oscillation  of  six-wheeled  locomotives  about  their  central  axes,  pro- 
duces such  varied  strains  upon  the  leading  and  trailing  ends  alter- 
nately, that  in  the  engines  experimented  with,  the  greatest  load 
thrown  upon  the  springs  in  this  way,  exceeded  the  normal  load,  by 
103  per  cent,  in  the  case  of  the  leading  springs,  and  74  per  cent,  in 
the  trailing  springs.  These  maximum  loads  are  much  greater  than 
that  allowed  by  German  railroad  authorities.  The  load  upon  the 
spring  is  sometimes  reduced  during  running  to  about  7  per  cent,  of 
the  normal  load  for  the  leading  springs,  and  to  26  per  cent,  for  the 
trailing  springs.  It  appears  also  certain  that  there  are  horizontal 
movements  of  the  vehicles  produced  at  first  by  partially  vertical 
oscillations.  As  these  horizontal  movements  towards  a  rail,  may 
often  coincide  with  a  relief  of  load  upon  that  rail,  we  have  an  expla- 
nation of  widening  of  gauge  and  displacement  of  the  permanent 
way;  for,  under  the  circumstances  sujiposed,  the  opposition  of  the 
latter  is  only  that  due  to  its  mechanical  structure.  The  difference 
between  the  maximum  and  m.inimum  loads  resting  at  different  times 
on  the  same  springs,  varies  by  more  than  double  the  normal  load  for 
the  leading  wheels,  but  seldom  more  than  40  per  cent,  for  the  trailing 
wheels.  The  dangers  resulting  I'rom  this  varying  and  excessive 
pressure  are  evident,  and  demand  a  system  of  construction  for  ve- 
hicles which  will  prevent,  or  at  least  reduce,  the  shifting  of  load, 
and  such  a  structure  of  the  permanent  way  as -will  distribute  the 
load  over  a  considerable  distance. 

Bridge  across  the  Hudson  Eiver,  near  Hew  York. — Plans 
and  other  preliminaries  for  this  undertaking  are  in  an   advanced 
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ooiidilion,  and  llicrej  sccruM  now  litllo  (1oiil»t  lliai  nn.i  va.<il  '.s<-<ii;  '.viil 
l)u  iK'tiially  ])iit  ill  liaiid. 

Tlio  grunt  {)li.sliiitiii)ii  lo  crosHiii^  \vlii<;li  lias  been  experienced 
(luring  tliis  season,  (Votn  tlir  unusual  aceiitnulationx  of  ice  in  tiic 
river,  will  n<>  donlit  ^'ive  a  lavorablu  iinpelus  to  tlic  project. 

A  now  Air  Engine.  In  this  engine  the  air  is  coniprcMHciJ  by 
stages,  and  passed  at  each  stage  tlirou^li  water.  It  bccomoH  uatu- 
rated  with  moisture,  and  the  iieat  given  out  by  ef>mprcssio»j  is  ho 
ev)ni))lelely  absorlied  by  the  water  that  under  no  eireurnstanccH  the 
pumps  beeonio  heated.  In  the  first  pump  the  air  is  compres-scd 
(Vom  1  to  o  atmospheres,  in  the  second  fVom  .'i  to  (J,  in  tlie  tlurd  from 
6  to  12,  and  in  the  Iburlh  from  12  to  2  4.  From  this  hist  pump  the 
air  is  conducted  into  a  reservoir,  wlicnce  it  passes,  in  a  thorouglily 
saturated  condition,  to  the  coil  in  the  heating  cliambcr.  Here  the 
suspended  water  becomes  steam,  and  the  compressed  pas  is  ex- 
panded. From  this  coil  the  cylinder  of  the  engine  is  sup])lied  with 
njotive  power.  In  the  trial  engine  tlic  cylinder  is  4^  inches  in  diam- 
eter, with  a  (J  inch  stioke,  and  the  eft'ective  power  over  and  above 
that  required  to  work  the  pumps  is  stated  to  be  4  horsepower,  the 
amount  of  fuel  consumed  being  only  2\  ponnds  per  II.  P.  j)er  hour. 

Scientific  Lecture  on  the  grand  scale. — We  see,  from  the 
New  York  papers,  that  Prof.  Morion's  lecture  on  Vision,  at  the 
Academy  of  Music  in  that  city,  was  a  decided  success.  Ilis  optical 
experiments,  developed  upon  a  scale  never  before  attempted  in  that 
place,  were  received  with  great  approbation  and  enthusiasm.  We 
Lave  been  promised  a  detailed  account  of  his  new  apparatus  and 
experiments,  with  illustrations. 

Browning's  Spectroscope.  •' — Mr.  Browning,  the  eminent  op- 
tician, has  devised  a  spectroscope,  in  which  the  prisms  are  automa- 
tically adjusted  for  the  minimum  angle  of  deviation  for  the  ray 
under  examination. 

In  spectroscopes  of  ordinary  construction,  when  several  prisms 
are  employed,  a  great  deficiency  of  light  will  be  noticed  towards  the 
more  refrangible  end  of  the  spectrum. 

This  arises  from  the  fact  that  the  prisms  are  adjusted  to  the  mini- 
mum angle  of  deviation  for  the  most  luminous  rays  which  occupy 
the  middle  of  the  spectrum.  The  effect  of  this  is  shown  in  Fig.  1, 
p  p. 

In  Fig.  1,  P  P,  kc,  represent  a  train  of  prisms  adjusted  as  just 

*  An  abstract  from  the  Chemical  News,  communicated  by  the  Editor. 
Vol.  liXI.— Third  Series.— No.  3.— March.  1S71.  20 
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described,  for   the  central  portion  of  the  spectrum,  and  screwed 
firmly  in  their  places.     T  represents  a  telescope,  moving  round  a 

centre  situated  at  K. 
In  the  position  in 
Avhich  the  telescope  is 
p]aced,the  whole  field 
of  the  object-glass 
would  be  filled  with 
the  green  light  of 
the  spectrum  issuing 
from  the  last  prism  ; 
but,  when  the  tele- 
scope is  removed  to 
the  position  shown  by 
the  dotted  lines,either 
nearer  to  R  or  to  V 
(in  which  case  the  red 
end  or  the  violet 
end  of  the  spectrum 
would  be  in  the  field 
of  view.)  then,  as  we  see  by  the  lines,  only  a  small  portion  of  the 
spectrum  would  fall  on  the  object-glass.  But,  it  is  obvious  that, 
owing  to  the  deficiency  in  light  at  the  extreme  ends  of  the  spectrum, 
it  is  just  in  these  very  positions  that  it  is  desirable  that  the  whole 
field  of  the  object-glass  should  be  filled.  Now  this  can  only  be 
efi'ected  when  the  prisms  are  adjusted  to  the  minimum  angle  of  de- 
viation for  the  particular  portion  of  the  spectrum  which  is  being 
examined. 

Fig.  2  shows  the  method  in  which  the  change  in  the  adjustment 
of  the  prisms  to  the  minimum  angle  of  deviation  for  each  particular 
ray  is  made  automatically. 
■   In  this  diagram,  P  P,  &c.,  as  before,  represent  prisms. 

All  these  prisms,  with  the  exception  of  the  first,  are  unattached 
to  the  plate  on  which  they  stand,  the  triangular  stand  on  which  the 
prisms  are  hinged  together  at  the  angles  corresponding  to  those  at 
the  bases  of  the  prisms. 

To  each  of  these  bases  is  attached  a  bar,  K,  perpendicular  to  the 
base  of  the  prisms.  As  all  these  bars  are  slotted  and  run  on  a  com- 
mon centre,  the  prisms  are  brought  into  a  circle.  This  central  pivot 
is  attached  to  a  dovetail  piece  of  two  or  three  inches  in  length, 


itcm^  iio'l   \'>i<cU{cs. 
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j)lmcvl  oil   lilt!  limit!!' niilo  ol    tii'-   m.iin  j)lnlc  of  the     '      '• 
wliicli  is  .slt)llc'il  lo  allow  it  to  piisM  ihrongli.  On  tnovi  .1 

|»ivol,  llio  wlioK'oftlu^  prisms  arc  moved,  ea(;li  lo  a  <iin"ereiit  amount 
ill  projioitioii  to  iis  (lislaiH'o  in  ihc  train  from  lli«!  lirst  dt  (1x<-«1 
prism  on  wliicli  tlin  light  from  tli<j  slit  falls  aflor  passing  tlir«iu^l» 
tlio  collimator,  c.  Thus,  supposing  the  first  prism  of  the  train  op- 
posite i",  rcpri'sciitnl  in  the  diagram,  to  be  stationary,  and  th 
end  prism  to  have  been  moved  ihrougli  1"  by  this  arrange;..  .  :. 
then  the  third  prism  will  have  moved  through  2",  the  fourtli  through 
3",  the  filth  through  -i  ,  and  the  .sixth  through  [>''.  As  tlic.sc  bars 
arc  at  right  angles  to  the  bases  of  the  prisms,  and  all  of  them  i)ass 
tlirough  a  common  centre,  it  is  evident  that  the  bases  of  the  ]irisms 
are  at  all  times  tangents  to  a  common  circle. 

The  contrivance  bv  which  tliis  arrangement  is  made  auloiiialic  is 
as  follows  : 


Fi::.  2. 


A  lever,  L,  is  attached  to  the  corner  of  the  triangular  plate  of  the 
last  prism.  This  lever,  by  its  further  end,  is  attached  to  the  sup- 
port which  carries  the  telescope  through  which  the  spectrum  is  ob- 
served. 
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Both  the  telescope  and  lever  are  driven  by  the  micrometer  screw, 
M  The  action  of  the  lever  is  so  adjusted  that  when  the  telescope 
is  moved  through  any  angle  it  causes  the  last  prism  to  turn  through 
double  that  angle. 

The  rays  which  issue  from  the  centre  of  the  last  prism  are  thus 
made  to  fall  perpendicularly  upon  the  centre  of  the  object  glass  of 
the  telescope,  T,  and  thus  the  ray  of  light  travels  parallel  to  the 
basis  of  the  several  prisms,  and  ultimately  along  the  optical  axis  of 
the  telescope  itself,  and  thereby  the  whole  field  of  the  object-glass 
is  filled  with  light. 

Thus  the  apparatus  is  so  arranged  that  on  turning  the  micrometer 
screw,  so  as  to  make  a  line  in  the  spectrum  coincide  with  the  cross 
wires  in  the  eye-piece  of  the  telescope,  the  lever,  L,  attached  to  the 
telescope  and  prisms,  sets  the  whole  of  the  prisms  in  motion,  and 
adjusts  them  to  the  minimum  angle  of  deviation  for  that  portion  of 
the  spectrum. 

Figs.  3  and  4  represent  the  appearances  presented  when  looking 
through  the  telescope  from  which  the  glasses  have  been  removed ; 
in  diagram  3  it  will  be  seen  that  the  whole  circle  of  the  object  glass 
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is  filled  with  light,  as,  I  have  just  described,  is  the  case  with  the  new 
arrangement;  while  diagram  4  shows  the  effect  of  moving  the  tele- 
scope through  the  angle  in  front  of  the  fixed  prism.'"' 

Coincidence  of  Terrestrial  magnetic  change  with  solar 
action. — In  our  November  number  we  published  a  paper  by  Prof- 
C.  A.  Young,  in  which  an  account  was  given  (among  other  things) 
of  the  sudden  outburst  upon  the  surfiice  of  the  sun  of  a  luminous 

*  It  is  with  no  wish  to  detract  from  Mr.  Browning's  credit,  but  simply  to  put 
before  our  readers  ih.Q  fullest  information  on  each  subject,  that  attention  is  called 
to  the  fact  that  Mr.  L.  M.  Kutherfurd  published  in  SilUman''s  Journal  for -March 
of  1865,  an  account  of  a  spectroscope  which  involved  the  most  important  feature 
of  the  above,  namely,  the  connection  of  the  prisms  by  their  bases  and  the  attach- 
ment to  these  bases  of  bars  with  slots  sliding  on  a  common  centre  pin. — H.  M. 


hem  a  and  Novelties.  \'>7 

(^loiid,  ^vll•>.s(•^ll:l|l.•  ;iii(i  ilimcnsions,  an  Rcon  in  tlio^pcclro-'-o].!',  was 
reprcsciilcd  in  V"\y,.  U  of  llic  sjiiiir,  tirLicli-.  This  ()iitl)iir«t  o-rrurrcfl 
oxiiiilly  at.  r<>.")  I'.  M.  on  S(!|)t.i;njl)cr  28tli. 

In  a  letter  jnsl  loiH'i vimI  IVcjin  Prof,  ^'oun;^  Ik;  Mienlion.s  that  ou  u, 
eaicliil  oxaniiiialion  ol  tlio  njjiguctio  record  wliieli  is  unlornaticJilly 
kept  at  (Jroonwiel),  Jsn^Iaml,  ho  found  a  .sudden  and  marked  inflec- 
tion, aniountinj^  to  no  less  than  5  minutes  of  are,  to  have  l>cen  pro- 
diu^ed  exactly  at  tliis  same  instant  of  lime. 

A  similar  incident  to  this,  but  less  definitely  noted,  was  recorded 
by  Ilerschcl.     Sec  this  t/Diinidl,  A'ol.  IjI  \',  p.  55. 

Approach  caused  by  Vibration. — It  was  first  observed  by 
Frederick  (iulhric,  that  a  delicately  suspended  piece  of  card-board, 
moves  from  a  considerable  distance  towards  a  vibrating  tuning  fork. 
At  lir.st  it  seemed  natural  tosuppo.sc  that  this  was  the  resuitof  such 
small  whirlwinds  as  Faradny  liad  demonstrated  to  be  the  cause  of 
inter-nodal  accumulation  of  light  particles  on  vibrating  plates.  A 
scries  of  experiments,  however,  showed  that  these  currents  did  not 
exist  in  the  positions  or  reach  to  the  distances  demanded  by  this 
hypothesis. 

One  prong  of  a  fork  being  enclosed  in  a  tube  connected  with  a 
simple  tube,  dipping  in  water,  it  was  found  that  an  expansion  of  the 
contained  air  was  the  immediate  result  of  vibration  in  the  fork. 

Mr.  Guthrie  concludes,  from  the  suddenness  of  this  change  in 
volume,  and  of  its  disappearance,  that  it  was  not  due  to  heat  devel- 
oped by  motion  in  the  air.  We  do  not,  however,  agree  fully  in  this 
conclusion,  as,  under  the  conditions  of  the  experiment,  this  gain  and 
loss  ought  to  be  very  rapid,  and,  on  general  principles,  ought  to 
occur. 

Other  experiments  seemed  to  fail  in  demonstrating  that  a  specific 
decrease  in  density  was  produced  in  an  elastic  medium  by  the  de- 
velopment of  sonorous  vibrations  therein,  although  such  a  result 
would  seem  to  be  a  necessar}^  consequence  of  general  theory,  "We 
should  doubt,  in  this  case,  if  the  delicacy  of  the  test  applied  was 
sufficiently  great. 

The  author  finally  concludes  by  what  is  little  more  than  a  general 
form  of  expression  for  the  fundamental  fact,  namely,  by  stating  that 
the  dispersion  of  vibration  between  fixed  surfaces  produces  effects 
similar  to  the  dispersion  of  air  currents  under  like  conditions,  (as  in 
Clement's  experiment,  known  as  the  pneumatic  paradox,  in  which 
air  emitted  from  a  tube  with  a  broad  flange  against  a  disk  causes 


158  Editorial. 

the  latter  to  approach,)  and  then  farther  generalizes  to  the  effect 
that  emitted  heat  vibrations  might  cause  the  approach  of  bodies,  a 
conclusion,  we  think,  very  far  from  being  warranted  by  the  pre- 
ceding facts  and  inferences. 

Remarkable  color  change  produced  by  heat  in  certain 
Iodides. — We  have  received  from  Prof.  Gr.  F.  Barker  specimens 
of  the  curious  iodides  of  silver  and  of  copper  lately  discovered 
by  Meusel.  The  first  of  these  is  prepared  by  adding  a  solution  of 
silver  nitrate  to  one  of  mercuric  iodide  in  potassium  iodide,  and  is 
of  a  bright  lemon-yellow  color,  changing  by  a  heat  below  212°  to  a 
rich  orange,  and  regaining  its  original  tint  when  cooled.  The  second 
is  prepared  by  adding  to  a  warm  solution  of  mercuric  iodide  in  po- 
tassium iodide,  first  copper  sulphate  and  then  sulphurous  acid.  Its 
color  is  carmine,  becoming  black,  however,  at  a  temperature  of 
158°  F.,  but  restored  on  cooling. 

Mixed  with  gum  water  and  applied  to  paper,  these  bodies  exhibit 
their  changes  of  color  in  a  most  striking  manner. 

Leaden  Bullets  melted  by  impact. — It  will  no  doubt  be  re- 
membered by  some  of  our  readers  that  when  a  stream  of  bullets 
was  directed  against  an  iron  target  from  Perkins'  steam  gun,  a 
homogeneous  mass  of  lead  was  produced  by  the  partial  melting 
and  reunion  of  the  mass.  In  No.  7  of  Poggendorfs  Aimalen  for 
1870  we  find  detailed  record  of  a  similar  phenomenon,  as  observed 
in  some  experiments  at  Basle,  where  bullets  weighing  40  grammes 
were  discharged  against  an  iron  target  at  100  paces.  The  bullets, 
after  impact,  weighed  only  13  grammes,  the  remainder  being  melted 
and  scattered  about  in  a  form  bearing  witness  to  its  fluid  condition. 
Mr.  Ed.  Hagenbach  calculates  the  amount  of  heat  which  should  be 
developed  by  the  impact  of  the  40  guns,  at  a  velocity  of  320  me- 
tres per  second,  and  finds  it  to  be  *49  units,  while  the  heat  required 
to  raise  the  temperature  of  the  ball  from  100°  C,  its  presumable 
initial  degree,  to  the  melting  point  of  leadj  335°  C,  and  for  fusing 
27  grms.,  would  be  '44  units.  Thus  showing,  as  might  be  supposed 
in  advance,  from  the  suddenness  of  the  action,  that  almost  all  the 
heat  developed  is  applied  to  this  heating  and  fusion,  and  but  little 
expended  in  producing  motion  in  the  target,  or  lost  by  radiation. 

Boiling  produced  by  commingling  immiscible  liquids.— 
In  consequence  of  the  fact  that  (as  shown  by  Magnus)  the  vapors  of 
liquids  which  do  not  mix  obey  Dalton's  law  of  diff*usion,  the  com- 
mon tension  of  such  vapors  (as  bisulphide  of  carbon  and  water)  in  a 
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stftti!  of  satuiatioii  IS  ((jii.'il  to  tlic  sum  of  flu;  inniv  .iinai  trn-ioii- lor 
tlu;  tcinperatiirc!  in  (|iic'stioii.  l''or  (rxamplc,  bi.siil|>Iiiilo  of  carbon 
alone  Imilsat  IIUS  |>'.,  with  a  Irn.sion  at,  this  point  of  f)no  alriio- 
s[)hcro.  Thi-  t(ii>iiin()f  wati'f  vaj)oral  lh<!  sanu;  point  is  0-11  of  an 
ntmosphcio  ;  the  sum  of  tlicso  is,  ofcoursc,  I'l  1  atrnoMphorcs,  \vlii<;li 
would  clrarly  imply  an  cncrj^elic  cbiiilition  in  a  rnixtnro  of  hisiil- 
|)irnlo  of  cai'bon  ami   watcrat  this  t(-Mn|)eraturc. 

That  sucjj  a  losult  would  aftnally  follow,  may  \»-  icailily  illus- 
trated in  the  followin;f  manncf  :  Tjct  a  vessel  of  about  one  ^^'lllon 
capacity  be  filled  with  water  at  a  tempcraiiire  a  little  below  ll()-8° 
F.,  and  a  test  tube  partly  filled  with  bi-sulphide  of  carbon  be  im- 
mersed and  stirred  about  in  the  same  until  it  has  acquired  an  equal 
tem[)erature.  No  boiling  will  occur,  but  if  the  contents  of  the  test 
tube  be  now  poured  into  the  water  a  brisk  ebullition  will  at  once 
take  place. 

The  maximum  of  Magnetic  Power  evolved  by  a  Galvanic 
Battery. — A  curious  succession  of  papers  on  the  above  subject 
have  appeared  lately  in  the  Chemical  News,  from  the  Kev.  IT.  High- 
ton,  in  which  that  gentleman  attacks  no  less  important  a  principle 
than  the  conservation  of  force,  and  maintains  no  less  difficult  a  thesis 
than  the  possibility  of  what  is  technically  called  perpetual  motion, 
or  the  development  of  power  without  a  corresponding  expenditure 
of  force.  The  subject  would  hardly  be  worthy  of  our  notice  but 
that,  strange  to  say,  these  opinions  have  gone,  so  far,  unchallenged 
in  the  pages  of  our  learned  cotcmporarj^,  and,  in  connection  with 
schemes  alluded  to  in  another  item  on  galvanic  motors,  seem  to 
have  led  astray  some  investigators. 

The  theory  of  the  daring  author  above-named,  is  briefly  this: 
A  battery  current,  passed  through  a  given  electro-magnet,  will  lift 
a  given  weight ;  if,  now,  we  double  the  cross  section  of  the  wire  of 
said  electro-magnet,  and  also  its  length,  the  resistance  of  the  circuit 
remaining  the  same  as  before,  the  current  developed  by  the  battery 
and  the  consumption  of  zinc  will  remain  as  before,  and  yet  the 
lifting  power  of  the  magnet  will  be  doubled.  Or,  in  place  of  in- 
creasing the  size  and  length  of  wire,  several  similar  electro-magnets 
may  be  so  introduced  in  the  circuit  as  to  produce  the  same  effect. 
Such  a  process  continued  indefinitely  would,  of  course,  enable  us  to 
develop  any  amount  of  magnetic  force  from  a  given  battery. 

So  far,  well ;  but  we  have  not  yet  come  to  the  development  of 
power,  which    implies    motion.     For  this,  it  is  evident  that  the 
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electro-magnet  must  be  charged  and  discharged,  and  here  comes 
the  compensating  condition.  To  charge  a  double  length  of  wire  will 
take  just  twice  the  time,  and  therefore  cause  a  double  expenditure  of 
zinc  in  the  battery. 

Our  author,  in  fact,  notices  this,  but  remarks  that  "  the  electric 
current  is  so  rapid  that  this  difference  of  time  is  inappreciable 
within  any  practical  limits."  Without  doubt,  to  advocates  of  per- 
petual motion,  but  not  to  those  who  can  see  that  two  miliionths  of 
a  second  are  as  much  twice  one  millionth  as  two  centuries  are  twice 
one;  or  to  the  zinc,  which,  having  to  work  twice  as  long  at  each 
effort,  will  be  doubly  exhausted  when  a  given  number  of  actions  has 
been  completed. 

Gold  Refining  by  Chlorine. — On  page  13  of  our  LYIIIth  Vol- 
lume  we  noticed  the  introduction,  in  the  Australian  Mint,  of  this 
process,  with  marked  success.  We  now  hear,  from  the  best  autho- 
rity, that  the  inventor  of  the  process,  Prof.  Miller,  of  the  Royal  Mint 
in  Sydney,  has  just  been  putting  up  and  working  the  apparatus  in 
the  Mint  at  Philadelphia,  with  very  satisfactory  results. 

A  bar  of  some  500  ounces,  containing  antimony,  which  rendered 
it  very  brittle  and  7"80  fine,  was  refined  in  one  hour  and  a  half 
to  a  fineness  of  9'97,  and  made  perfectly  tough,  every  trace  of  anti- 
mony having  been  removed. 

The  impure  gold  being  melted  in  a  crucible  previously  saturated 
with  melted  borax,  and  having  a  layer  of  fused  borax  over  the  metal, 
the  gas  is  generated  in  a  stone-ware  vessel,  and  led  by  a  flexible 
hose  to  a  pipe-clay  tube,  by  which  it  is  carried  to  the  bottom  of  the 
metal.  All  the  chlorides  of  antimony,  tin,  &c.,  are  so  volatile  at 
the  temperature  employed  as  to  escape,  but  the  silver  chloride  is 
retained  by  the  layer  of  borax,  and  is  poured  out  into  moulds  after 
the  gold  has  become  solid  on  cooling. 

Reducing  Silver  Chloride. — In  connection  with  the  process 
for  refining  gold,  described  above,  an  excellent  method  for  reducing 
the  silver-chloride  obtained  in  that  operation  has  been  perfected  by 
its  inventor,  Prof.  Leibius,  Assayer  of  the  Mint  at  Sidney.  The 
silver-chloride  is  cast  in  flat  plates,  and  then  arranged  in  a  box  or 
frame,  with  alternate  plates  of  zinc  coupled  as  for  a  galvanic  bat- 
tery. The  whole  being  immersed  in  water,  a  galvanic  action  is  set 
up,  the  reduction  is  soon  finished,  and  the  silver  is  so  compact 
and  free  from  zinc  that,  without  acid  treatment,  it  may  be  carried 
to  the  melting  pots. 
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IRON  MANUFACTURES  IN  GREAT  BRITAIN, 
s  li  c  u  N  D    r  A  r  K  i: . 

Hy  11.  II.  Tiirii.sTDN, 
First  Asst.  Krii,'.,  A-sl.   Vvi<i'.  Nnl    I'hilo''.,  U.  S.  N.  A.  ;    .Moiril.cr  Iii«.tiliit<-. 

Tuii  "  Koyul  Navy''  of  Cirout  Britain,  like  il.s  rneichant  navy,  i.s 
now  composed,  in  its  cflective  force,  almost  exclusively  of  iron 
steamers.  "Wooden  vessels  are  not  built,  for  all  the  reasons  that 
apply  in  case  of  merchant  sliip.'^,  and  for  the  additional  rea.son  that 
such  weight  of  iron  armor  as  has  become  necessary  would  prove 
very  destructive  to  a  wooden  hull,  even  were  the  wooden  hull  ca- 
pable of  sustaining  the  strain  of  the  immense  steam  power  required 
for  speeds  of  from  twelve  to  sixteen  or  seventeen  knots. 

The  war  vessels  built  by  Great  Britain  for  some  years  past  have 
been  iron-clad,  with  the  exception  of  a  few  transports,  and  several 
ships  built  with  the  intention — which  was  not  realized,  however — 
of  competing  with  our  own  "  Wampanoag  class''  in  speed, -regard- 
less of  their  other  naval  qualifications. 

In  her  navy  of  over  six  hundred  registered  vessels  of  all  classes,  she 
has  now  forty-seven  iron  clads,  of  which  thirty-three  have  iron  hulls, 
and  of  which  more  than-three-fourths  are  broadside  ships.  Their 
side  armor  varies  from  -i^  inches  in  thickness  in  the  older  broadside 
vessels,  to  14  inches  in  the  turrets  of  monitor  iron  clads  now  build- 
ing. Their  armament  has  its  maximum  in  the  "  Hercules,"  which 
carries  eight  18-ton  X-inch  rifles,  two  12-ton  IX-inch,  and  four 
6  J-ton  Yll-inch  rifles,  all  of  the  Woolwich  pattern. 

The  hulls  of  the  later  iron  clads  are  of  immense  strength,  and 
yet  of  comparatively  light  weight,  their  lightness  in  both  hull  and 
machinery  enabling  them  to  carry  great  weight  of  armor  on  a  rela- 
tively small  displacement.  For  the  ingenuity  which  has  so  greatly 
and  advantageously  modified  the  details  of  construction  of  the  hull, 
credit  is  very  largely  due  to  the  energy  and  boldness  of  a  talented 
engineer  and  naval  architect,  E.  J.  Eeed,  until  recently,  Chief  Con- 
structor of  the  British  Xavy. 

The  extreme  lightness  of  machinery  is  obtained  by  high  piston 
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speed  and  by  great  care  in  proportioning  details  ;  the  boilers  are 
forced  to  the  utmost  possible  extent.  The  weight  of  engines  and 
boilers -with  water  has  been  in  some  cases  brought  below  300  pounds 
per  indicated  horse-power.  Sharp  competition  between  rival  build- 
ing firms  and  good  engineering  have  given  rise  to  rapid  improve- 
ment, and  have  compelled  the  introduction  of  higher  pressure, 
greater  expansion,  surface  condensation,  tubular  boilers,  and  mode- 
rate superheating. 

The  style  of  engine  is  usually  either  the  trunk  engine,  as  built  by 
Messrs.  Penn  &  Sons,  or -of  the  ordinary  "return  connecting  rod" 
type.  The  steam  is  usually  carried  at  about  30  pounds  per  square 
inch  in  the  boiler :  in  a  few  cases,  one  of  which  was  given  in  the 
preceding  paper,  much  higher  pressures  and  the  compound  engine 
have  been  tried,  by  way  of  experiment,  with,  on  the  whole,  very 
favorable  results.  It  must  be  remarked,  however,  that  the  intro- 
duction of  higher  steam  and  greater  expansion  in  new' styles  of  en- 
gine has  been,  and  will  probably  continue  to  be,  retarded  by  the 
necessity  of  training  men  to  manipulate  successfully  the  new  ma- 
chinery, precisely  as  the  introduction  of  surface  condensers — now 
deemed  so  generally  indispensable — was  for  years  retarded. 

A  tolerably  accurate  idea  of  British  design  and  proportion  in 
constructing  both  hull  and  machinery  may  be  obtained  by  reference 
to  the  description  of  the  iron  clad  "  Monarch,"  in  the  April,  1870, 
number  of  this  Journal. 

The  cellular  structure  and  bracket  plate  system  of  ship  con- 
struction there  described  is  adopted  in  all  lately  built  iron  clads  and 
large  vessels,  and  the  proportions  of  machinery  as  there  given  are 
about  the  same  as  are  generally  adopted  by  the  well  known  firms. 

Although,  as  a  general  rule,  the  broadside  iron  clad  has  been 
adopted  in  the  British  navy,  there  are  a  few  monitor  iron  clads 
afloat,  and  a  number  of  others  are  building,  in  compliance  with  the 
feeling  in  their  favor  awakened  by  a  strong  party,  headed  by  the 
late  ill-instructed  and  unfortunate,  but  zealous  inventor,  Capt.  Cow- 
per  P.  Coles,  E.  N. 

Those  built  since  the  "  Monarch"  are  true  Monitors,  without 
masts  and  sails,  and  some  of  them  are  very  formidable  fighting  ma- 
chines. The  loss  of  the  "  Captain"  has  caused  a  not  remarkable,  but 
somewhat  unreasonable  distrust  of  all  ships  of  the  monitor  type  ; 
no  more  will  probably  be  built  of  the  "  Monarch"  class,  and  even  the 
true  monitors— ^without  sails — are  looked  upon  generally  with  much 
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tho  sumo  iculiii;^  that  was  shown  in  oni-  <»wii  navy  whon  tliat  chtx.s 
of  vessels  was  first  introducccl. 

()n(5goo(l  cIliMt.  that  has  lolloucil  the  h)ss  of  the  *' Captain"  i.s 
the  eoiMiniMU'cincnt  ol  a  careful  illV(^sti<.^•llion  of  tlic  t-.tability  of  all 
British  iron  cilads  hy  expi^rinienl.  Then!  are  some  iii<lieali(Jtjs  that 
thi-ir  (lesii^ncrs  have  sometimes  been  satisfied  with  obtaining  a  good 
height  of  melaeentre  above  the  centre  of  ;/ravity  without  noting 
carefully  its  variation  of  jiosition  with  the  movements  of  the  vessel, 
or  laying  ofl'  the  curve  of  stability.  It  seems  quite  certain  that  in 
some  classes  of  ships  stability  is  seriously  lacking,  and  orders  have 
issued  from  the  Admiralty,  directing,  in  such  cases,  the  use  of  a 
permanent  ballast  of  iron  concrete  in  the  spaces  of  the  cellular 
bottom. 

The  favorite  style  of  turret  iron  clad  is  what  its  designer  culls 
the  "  breastwork  monitor,"  of  which  we  gave  a  sketch  in  Fig.  1, 
'the  parts  above  the  dotted  line  c  c  indicating  armor. 


The  breastwork  rises  some  six  feet  above  the  main  deck  of  the 
vessel,  and  in  the  deck  which  covers  it  are  the  hatches,  and  through 
it  rise  the  ventilators  and  smokepipes.  There  seems  to  be  no  reason 
why  the  same  deck  should  not  be  carried  fore  and  aft,  as  indicated 
by  the  dotted  line,  A  B,  and  the  covered  but  unarmored  space  thus 
utilized  would  be  most  valuable  in  these  ships,  which  are  invari- 
ably very  much  cramped  in  space  below  decks,  and  the  change 
would  greatly  increase  their  stability.  In  one  case,  at  least,  this 
improvement  is  ordered. 
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The  most  formidable  of  these  vessels  are  the  "  Devastation"  and 
the  "Thunderer,"  building  respectively  at  Portsmouth  and  Pem- 
broke dockyards,  and  now  well  advanced.  These  ships  are  285  feet 
long,  of  62J  feet  beam,  and  will  have  a  draught  of  26  feet ;  their 
tonnage  is  given  at  4406  tons.  Their  side  armor  is  12  inches  thick, 
in  single  thickness,  along  the  water  line,  and  on  breastworks,  and 
somewhat  thinner  below  water ;  the  arm&r  rests  on  teak  backing,  18 
inches  thick,  and  an  inner  skin  1 J  inches  thick ;  the  deck  rises  4| 
feet  above  water.  The  turrets  are  31  feet  in  diameter,  armored 
with  14-inch  plates  on  the  side  through  which  the  ports  are  cut, 
and  12  inches  on  other  parts,  backed  with  15  and  17  inches  of  teak 
on  an  inner  1^-inch  skin.  The  bow  is  of  immense  strength,  for  the 
purpose  of  being  used  as  a  ram.  These  powerful  craft  carry  four  30- 
ton  Xll-inch  rifles,  in  two  turrets,  at  a  height  of  12  feet  above  water  ; 
the  shot  fired  by  these  guns  will  weigh  something  over  600  pounds, 
and  will  be  propelled  by  100  pounds  of  such  powder  as  is  used  in " 
the  70pound  cartridges  of  the  "  Monarch's"  guns.  The  vessels  are 
intended  to  have  a  speed  of  12|  knots  per  hour,  and  to  carry  1600 
tons  of  coal  in  their  bunkers,  a  quantity  sufficient  for,  probably,  ten 
days  steaming  ;  they  have  twin  screws,  driven  by  engines  of  800 
nominal  horse-power  collectively. 

The  most  powerful  broadside  ships  are  the  sister  ships,  "  Her- 
cules" and  "  Sultan."  The  structure  of  their  hulls  is  quite  similar 
to  that  of  the  "  Monarch,"  and  their  armament  has  already  been 
stated. 

Their  armor  has  a  maximum  thickness  of  9  inches  along  the 
water  line,  8  inches  over  the  casemates,  and  6  inches  on  the  sides 
generally,  backed  with  12  inches  of  teak  backing  on  a  1  J-inch  skin  ; 
along  the  thick  water-line  belt,  a  further  protection  of  30  inches  of 
teak  on  another  |-inch  iron  skin  is  added  inside  the  hull.  Their 
speed  is  frprn  13  knots  at  sea  to  14f  knots  on  the  measured  mile, 
on  a  displacement  of  8,680  tons,  a  draught  of  25  feet  water,  and 
driven  by  engines  that  have,  in  the  "  Hercules,"  indicated  as  high 
as  8,528  horse-power.  This  immense  power  has  been  developed 
with  a  consumption  of  25  pounds  of  steam  per  H.  P.  per  hour,  as 
calculated  from  indicator  cards ;  the  grate  surface  is  907  feet  square 
feet,  heating  surface  19,800,  superheating  surface  3,900,  and  con- 
densing surface  20,768  square  feet.  The  engines  have  cylinders  of 
127  inches  diameter,  and  47-inch  trunks  ;  stroke  of  piston,  4|  feet. 
Their  weight,  with  that  of  boilers  and  water,  is  given  at  1095  tons. 
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TIk!  iiiac.liiiicry  (»r  l)(»lli  ships  is  IVfMii  tlie  sarn'*  flr.'iwifi^TM,  anil  JM 
built  by  MoHHi's.  I'ciiii  k  Sons. 

V'isiliii^  the  "Suhaii,"  at  Chatham,  wc  iioti<;c<l  LIk;  .-.atiiu  al>.H«;ij»:c 
<>r  useless  finish  ami  ornaiiiciit  about  the  inachincry  that  id  alrnoHt 
invariably  to  bo  observed  on  British  war  vessels.  The  general  de- 
sign and  arrangement  and  the  (»roj)ortionH  ar(j  admirabh;,  and  tlio 
workmanship  exeellent. 

Two  unarmored  gunboats  are  Just  add»;d  to  the  IJritisli  navy, 
which  are  remarkable  for  carrying,  on  a  very  small  hull,  a  very 
large  gun  ;  tlicy  are  of  85  feet  length,  20  feet  beam,  and  0  feet  depth 
of  hold,  measuring  2-44,]  J}  tons  O.  M.;  they  each  carry  one  18-ton 
X-inch  rifle,  and  will  j)robably  prtjve  very  useful  as  well  as  inex- 
pensive craft  for  harbor  defence. 

The  178,000  tons  of  vessels  which  constitute  the  British  iron  clad 
navy  carry  590  guns,  discharging  62,000  pounds  of  shot.  These 
guns  consist  entirely  of  Woolwich  rifles,  the  most  powerful  being 
the  Xll-inch  rifles  ordered,  but  not  yet  supplied,  for  the  "Devas- 
tation" and  the  "Thunderer."  One  now  about  ready  weighs  35 
tons  7  hundred,  weight,  measures  4  feet  8  inches  across  the  breech, 
1  foot  9  inches  diameter  at  muzzle,  and  will  cost  about  £2500.  It 
is  constructed  on  Frazer's  modification  of  the  Armstrong  system,  as 
are  all  large  guns  made  at  Woolwich  ;  if  made  by  the  old  method 
its  cost  would  have  been  about  £3500.  Fig.  2  is  a  sketch  of  the 
"  Monarch"  pattern  of  Xll-inch  gun.  The  "  energy'^  of  the  shot* 
from  the  gun  just  described  will  probably  be  about  7000  foot-tons 
at  1000  yards  from  the  gun,  and  they  will  probably  be  capable  of 
penetrating  armor  plate  15  inches  thick,  using  charges  of  100  or 
120  pounds  of  powder. 

The  armament  of  the  turret  ships  generally  consists  of  25  ton 
Xll-inch  rifles,  and  the  heaviest  guns  in  broadside  are  the  IS-ton 
X-inch  rifles.  The  latter  throw  a  shot  of  400  pounds  with  a  velo- 
city of  1200  to  1300  feet  per  second,  and  with  a  power  sufficient  to 
penetrate  about  13  inches  of  iron  ;  their  "  energy"  at  1000  yards  is 
still  3500  to  4000  foot-tons  ;  the  charge  of  powder  is  60  pounds  of 
Epglish  "  large  grain  rifle  powder."  Less  powerful  vessels  carry 
12-ton  IX-inch,  250  pdr.  rifles,  which  are  capable  of  penetrating, 
with  a  45-pound  charge,  11  inches  of  armor  plate. 

The  guns  made  at  Sir  William  Armstrong's  "  Elswick  Works," 

•"■   The  first  of  tliese  guns  has  been  tested  since  the  above  was  written,  and  the 
"  energy  "  at  1000  yards  is  considerably  above  even  the  figure  given. 
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as  well  as  those  made  at  AVoolwicb,  are  "  built  up  guns."  The 
iuuer  tube  is  usually  made  of  a  mild  steel,  from  the  works  of  Messrs. 
Firth  &  Sou,  Sheffield.  This  steel  tube  is  relied  upon  principally 
for  longitudinal  strength,  and  has  also  sufficient  hardness  to  bear 
the  severe  friction  of  the  shot  without  injury.  Outside  this  steel 
tube  are  fitted  a  number  of  wrought  iron  bands,  which  are  made  of 
coiled  bars  welded  together,  somewhat  -like  the  old  "  stub  twist'' 
barrels.  The  bands  are  "  shrunk  on,"  the  gun  being  kept  cool 
during  the  operation  by  a  cooling  stream  of  water  on  its  interior 
surface. 

At  the  Elswick  Works,  near  ISTewcastle-on-Tyne,  where  we  were 
very  kindly  received  by  Sir  William  Armstrong  and  Capt.  Noble, 
we  found  guns  in  process  of  manufacture  for  nearly  every  European 
government.  All  large  guns  were  muzzle  loaders,  but  army,  bat- 
tery, and  siege  guns,  up  to  40pounders,  were  breech  loading.  We 
noticed  here,  as  in  many  other  large  establishments,  that  all  wrought 
iron  chips  and  shavings  were  carefully  gathered  up  and  worked  into 
blooms,  in  either  reverberatory  or  open  furnaces,  a  piece  of  economy 
that  is  less  often  noticed  among  our  own  ironworkers.  We  noticed 
at  the  Elswick  Works  a  Moncrieff  gun  carriage  that,  we  fancied, 
looked  rather  weak  at  one  or  two  important  points  ;  it  would  be 
very  unfortunate  if  so  excellent  an  invention  were  condemned  in 
consequence  of  imperfection  in  design.  All  gun  carriages  were  of 
iron,  and  werefitted  with  what  is  called,  in  England,  ihe  ArnLStrong, 
but  in  this  country  the  Ericsson  compressor. 

The  Armstrong  and  Woolwich  guns  are  perhaps  as  strong  as 
ingenuity  and  fine  workmanship  can  .make  them  with  such  mate- 
rials, but  it  is  evident  that  their  numerous  welds,  and  the  varjang 
strains  liable  to  occur  in  shrinking  on  their  bands,  are  seriously 
objectionable,  and  it  consequently  happens  that  the  charge  of  the 
25-ton  gun  is  but  about  one-thousandth,  and  the  weight  of  shot  but 
one-ninetieth,  the  weight  of  the  gun. 

In  many  respects  the  Yihitworth  system  of  ordnance  seems  pre- 
ferable, even  if  we  take  exception  to  the  polygonal  bore.  Through 
the  kindness  of  Sir  Joseph  Whitworth  and  of  Mr.  E.  J.  Reed,  who 
had  resigned  his  office  of  "  Chief  Constructor  of  the  British  Navy," 
for  the  purpose  of  joining  the  Whitworth  Company,  we  were  ena- 
bled to  inspect  their  works  and  methods. 

The  Whitworth  gun,  as  now  made,  is  built  up  in  a  manner  some- 
what similar  to  the  guns  Ave  have  described,  but  steel  is  used  en- 
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tircly,  iristc.'ul  of  wrought  iron,  in  tlio  banfln.  Formerly,  the  gun 
was  made,  in  all  its  j)art8,  of  Firth  stoel,  like  that  used  at  Woolwich 
for  inner  tubes,  i)nt  recently  tlio  "  Wliitworth  compressed  metal" 
has  been  adopted.  'J'hc  compression  of  the  metal,  wiiich  is  a  ''low 
steel,"  or  "homogeneous  metal,"  is  edectcd  while  it  is  still  molten 
in  the  mould,  l)y  an  ingenious  metliod  of  applying  the  tremenvlous 
force  of  a  hydraulic  press.  'JMiis  pressure,  whieh  has  been  carried 
up  to  8  tons  per  square  inch,  and  which  will  bo  increased  to  20  tons 
per  square  inch,  should  it  be  found  possible  to  sustain  such  a  strain, 
by  using  moulds  encased  in  the  compressed  metal,  closes  the 
pores,  which  ordinarily  arc  found  so  seriously  to  injure  the  strength 
of  steel  castings,  and  the  metal  is  given  a  homogeneity  that  is  usu- 
ally only  obtained  by  forging  under  a  heavy  hammer.  It  is  claimed 
that  a  metal  can  be  thus  obtained  that  can  be  relied  upon  for  a  ten- 
sile strength  of  100,000  pounds  per  square  inch,  and  a  capability 
of  stretching  25  per  cent,  before  breaking.  A  metal  which  unites 
such  high  tensile  strength  and  great  resilience  is  evidently  excellently 
adapted  for  ordnance  purposes. 

The  several  bands  of  the  "Wbitworth  ordnance  are  forced  on, 
after  being  fitted  with  remarkable  nicety,  by  means  of  the  hydraulic 
press  ;  the  desired  "  initial  tension''  is  thus  obtained  with  great 
accuracy.  The  strength  of  these  guns  may  be  inferred  from  the 
fact  that  the  charge  of  powder  is  usually  about  one  seven-hundredth, 
and  the  weight  of  shot  about  ono-sixiieth,  of  the  weight  of  the  gun. 

Its  penetration  and  range  are  probably,  with  equal  weight  of  gun, 
about  20  per  cent,  greater  than  the  "Woolwich  gun.  It  need  hardly 
be  stated  that  engineers  generally  seem  to  consider  the  AVhitworth 
superior  to  the  Woolwich  sj'stem  of  ordnance.  The  opposition 
of  the  friends  of  the  latter  system,  and  the  expense  of  making  a 
change,  have,  however,  prevented  an  extended  trial  of  the  Whit- 
worth  system  by  the  British  navy  or  army. 

From  w^hat  has  been  stated  above,  it  will  be  seen  that  the  later 
vessels  of  the  British  navy  are  exceedingly  formidable  crafr,  and 
that  navy,  taken  as  a  whole,  although  not  as  eSective  as  it  was  in- 
tended by  the  Admiralty  to  be,  is  by  far  the  largest  and  mostpow- 
erful  navy  in  the  world.  In  the  constructor's  department  of  the 
Admiralty,  Mr.  E.  J.  Reed  has  left  designs  for  turret  iron  clads 
which  are  calculated  to  carry  18  inches  solid  armor  upon  their 
sides  and  20  inches  on  their  turrets.  Such  vessels  could  not  be 
built  in  the  United  States  until  after  the  expenditure  of  millions  of 
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dollars  in  building  rolling  mills  and  iron-ship  yards,  and  unless 
legislation  soon  causes  a  commencement,  we  shall  fall  hopelessly 
behind  foreign  nations  in  the  effectiveness  of  our  navy. 

The  British  government  are  not  so  well  satisfied  with  the  condi- 
tion of  its  navy  as  to  suspend  all  action  towards  its  further  exten- 
sion, but  continue  to  increase  and  strengthen  it  systematically. 
They  propose  to  add  20,000  tons  of  iron  clad  ships  yearly  to  its 
force,  besides  transports  and  unarmored  vessels.  By  her  far-sighted 
policy  of  liberally  subsidizing  her  lines  of  steam  communication 
with  foreign  ports,  Great  Britain  has  also  almost  monopolized  the 
profit  derived  from  the  carrying  trade  of  the  world  in  time  of  peace, 
and,  at  the  same  time,  has  secured  the  immense  advantage  of  being 
able  to  recruit  her  navy,  in  time  of  war,  from  the  large  body  of  fine 
officers  and  seamen,  and  with  the  fleet  steamers  of  a  wonderfully 
expanded  mercantile  marine. 

Should  no  change  take  place  in  the  policies  of  Great  Britain  and 
the  United  States,  in  regard  to  sustaining  and  increasing  their  re- 
spective navies,  a  contrast,  most  unfavorable  to  our  own  country, 
will  soon  be  presented.  Great  Britain  cherishes  her  navy  with  jea- 
lous care,  and  takes  advantage  of  every  improvement  in  construc- 
tion that  science  and  art  can  suggest ;  the  navy  of  the  United  States, 
on  the  other  hand,  is  rapidly  losing  its  efficiency  by  the  decay  of 
its  vessels,  both  of  wood  and  iron,  while,  in  spite  of  repeated  appeals 
from  the  Navy  Department  and  from  citizens  and  officials  abroad, 
no  action  has  yet  been  taken  by  Congress  toward  repairing  losses 
or  making  our  naval  power  commensurate  with  that  of  the  more 
important  European  nations,  or  toward  the  re-establishment  of  a 
merchant  navy  which  shall  become  a  source  of  profit  in  time  of 
peace  and  an  insurance  against  losses  by  war.  In  the  event  of  a 
foreign  war,  we  may  yet  find  ourselves  compelled  to  call  in  our 
ships  to  defend  our  harbors,  and  to  remain  absolutely  powerless  for 
offence. 

In  the  manufacture  of  steam  engines,  other  than  marine,  there  isj 
perhaps,  not  very  much  that  is  novel  to  attract  the  attention  of  an 
American  engineer,  but  he  may  still  find  it  profitable  to  spend  some 
time  among  the  English  engine  building  establishments,  observing 
their  methods  rather  than  studying  designs. 

In  huWdimg  portable  engines,  several  firms  have  obtained  remark- 
able economical  results. 

The  favorite  style  of  portable  engine  is  mounted  on  its  boiler,  as 
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is  usual  with  our  own  huildiirs,  liul  it  is  jihnost  invariably  provided 
with  a  stouni  jackuttnil  cylindor  and  un  in<lepend<nit  expansion  valve, 
lidiu;^  on  the  hnvk  of  the  main  valves,  of  \vhi<;h  tliere  isone  at  (;aeh 
end  of  tlio  cylinder,  in  order  to  obtain  the  least  possible  arnoufit  <if 
elearaneo  spaee. 

The  stylo  of  design  and  character  of  workmanship  are  good,  but 
I  lie  engines  are  invariably  IVciO  from  all  attempt  at  ornamentation  ; 
neatness,  strength,  economy  and  convenience  are  the  rpia]iti<'S 
S(.)Ught  by  the  lending  firms. 

The  following  are  results  obtained  at  the  trial  of  engines  which 
took  place  iu  July  last,  at  the  Oxford  Agricultural  Fair: 


These  were  horizontal  engines,  attached  to  locomotive  boilers- 

The  following  are  particulars  of  another  set  of  horizontal  engines 
of  larger  size,  detached  from  their  boilers,  and  all  supplied  with 
steam  from  a  boiler  furnished  for  the  purpose  by  the  managers  of 
the  show.* 

These  were  the  best  engines  exhibited,  and  the  results  are,  of 
course,  better  than  would  be  obtained  in  regular  working,  but  they 
are  unusually  good,  and  even  remarkable,  for  engines  of  such  small 
size. 

At  a  similar  exhibition  held  at  Bury,  England,  in  1867,  conside- 
rably better  results  even  than  these  were  reported  from  engines  of 
similar  sizes  and  styles. 

*rull  particulars  of  these  trials  may  be  obtained  by  reference  to  the  last  vol- 
ume of  the  London  Enginpering,  a  periodical,  it  may  nut  be  out  of  place  to  re- 
mark, which  well  represents  the  must  advanced  principles  and  practice  of  British 
engineering,  and  which  is  always  ready  to  accord  the  credit  due  to  American  en- 
gineering. 
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With  all  of  these  engines  steam  jackets  were  used,  the  feed  water 
was  highly  and  uniformly  heated  by  exhaust  steam,  the  coal  was 
selected,  finely  broken  and  thrown  on  the  fire  with  the  greatest  care, 
the  velocity  of  the  engines,  the  steam  pressure  and  the  amount  of 
feed  water  were  very  carefully  regulated,  and  all  bearings  were  run 
quite  loose  ;  the  engine  drivers  were  usually  expert  "jockeys." 

In  the  manufacture  of  larger  stationary  engines,  British  practice 
is  in  an  unsettled  state  ;  the  compound  engine  has  been  recently 
introduced  where  considerable  power  is  required,  but  a  strong  ten- 
dency exists  to  copy  from  American  practice. 

The  Corliss  engine,  which  has  been  familiar  to  American  engi- 
neers for  nearly  a  quarter  of  a  century,  has  been  adopted  by  several 
builders ;  the  Allen  engine,  which  has  been  well  and  fully  described 
in  recent  numbers  of  this  Journal^  is  constructed  by  the  well  known 
Whitworth  Manufacturing  Company,  at  Manchesser.  Messrs.  Towle 
&  Harding,  tv/o  enterprising  American  engineers,  are  introducing 
the  Babcock  &  Wilcox  engine,  which  has  been  so  highly  com- 
mended at  home  for  its  ingenious  combination  of  theoretical  and 
practical  requisites  for  economy,  strength  and  endurance.  It  is  to 
be  regretted  that  the  Greene  engine,  another  American  design, 
whose  simplicity  and  effectiveness  would  highly  recommend  it  in 
the  British  markets,  has  no  one  specially  interested  in  urging  its 
claims  there. 

The  most  usual  form  of  stationary  engine  is  horizontal,  steam 
jacketted,  with  separate  valves  covering  short  steam  ports  at  each 
end  of  the  cylinder,  and  separate  cut-off  valves,  very  similar,  in 
principle,  to  the  Meyer  expansion  valve.     Eegulation  is  generally 
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cficctcfUjy  attficliin^  tlic  regulator  to  ri  valve  in  the  stcarn  pipe,  but 
sometimes,  the  American  idea  of*  determining  the  point  of  cut  oft'  Vjy 
the  re^Milator  is  adopted.  Amcricnn  en^/incers  have  been  more  suc- 
cessful than  till!  15rit.isli  in  seeurin;^  small  clearance,  prompt  closing 
of  the  cut-olV  valvr,  and  in  attaching  the  regulator  to  the  expansion 
valve,  while  the  latter  exhibit  a  much  better  appreciation  of  the 
economical  value  of  the  steam  jacket  where  high  steam  and  great 
expansion  are  adopted.  In  both  countries  another  requisite  for 
economical  practice— high  piston  speed — is  gradually  becoming 
fully  recognized. 

One  of  the  most  interesting  examples  in  this  department  of  trans- 
atlantic engineering  is  found  in  the  engines  of  Messrs.  A.  M.  Per- 
kins &  Son,  of  London.  This  firm,  which  was  founded  by  an  Ame- 
rican, is  guaranteeing  a  consumption  of  less  than  two  pounds  of 
best  coal  per  horse-power  per  hour  with  their  mill  engines,  and 
claim,  in  some  cases,  to  have  brought  the  figure  as  low  as  one 
pound.  These  engines  are  of  a  peculiar  form  of  "  compound  en- 
gine," the  cylinders  steam  jacketted  and  vertical,  the  valve  stems 
rotating^  with  their  stuflBng  boxes  placed  at  the  ends  of  long  shells 
surrounding  the  stems,  the  intention  of  the  arrangement  being  to 
avoid  burning  the  packing.  Surface  condensers  are  used  and  the 
feed  returned  to  the  boiler  at  the  boiling  temperature.  The  steam 
is  cut  ofi^at  an  early  point  in  the  stroke  by  an  independent  cut-off 
valve.  The  boilers  are  composed  of  lap  welded  tubes,  3  or  4  inches 
diameter  and  f  to  h  incli  thick,  and  are  tested  to  2500  or  3000 
pounds  per  square  inch.  Where  the  condenser  supplies  an  insuf- 
ficient amount  of  feed  water,  the  residue  is  furnished  by  a  still. 
Steam  is  carried  at  from  250  pounds  per  square  inch  upward,  the 
safety-valve  on  Messrs.  Perkins'  own  boiler  being  weighted  to  600 
pounds  per  square  inch. 

One  practice  of  this  firm  is  worthy  of  imitation  by  builders  gen- 
erally. They  insure  owners  of  machinery  supplied  by  them  against 
loss  by  accident,  and  make  all  repairs  for  five  per  cent,  per  annum. 

In  the  manufacture  of  stationary  hollers  the  practice  is  not,  on 
the  whole,  far  difierent  from  our  own.  Occasionally  boilers  are 
seen  with  flues  strengthened  as  described,  in  the  previous  paper ; 
now  and  then  a  boiler  is  met  with  having  lap  welded  seams,  and  at 
least  one  manufacturer  finds  a  sufficient  number  of  intelligent  pa- 
trons to  afibrd  him  a  market  for  a  thoroughly  well  built  boiler,  its 
seams  all  machine  rivetted,  the  edges  of  the  plates  neatly  planed  to 
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the  proper  bevel  for  caulking,  and  with  all  rivet  holes  drilled  in 
place.  Machine  rivetting  is,  however,  practiced  by  nearly  all  boiler 
makers. 

The  system  of  careful  and  intelligent  examination  pursued  by  the 
several  British  boiler  inspection  and  insurance  companies  has  done 
a  vast  amount  of  good,  by  showing  that  every  case  of  boiler  ex- 
plosion is  to  be  attributed  to  some  simple  cause — to  faulty  design, 
faulty  material,  carelessness  in  attendants,  or  to  the  use  of  badly 
corroded  and  worn  out  boilers.  They  have  completely  destroyed 
all  of  those  far  fetched  theories  which  are  so  frequently  proposed 
by  believers  in  concealed  or  mysterious  causes. 

These  companies  have  also  been  of  use  in  assisting  makers  in 
finding  a  market  for  well  designetl  and  well  built  boilers,  and  it  is 
be  hoped  that,  as  a  similar  organization  has  been  started  in  the 
United  States,  equally  valuable  results  may  follow  its  successful 
operation. 

In  building  ^wm^mf/  engines,  the  tendency  seems  to  be  decidedly 
in  favor  of  throwing  aside  the  cumbersome  and  costly  Cornish  en- 
gine, and  adopting  other  forms  of  engine  lighter,  cheaper  and  more 
manageable,  as  well  as  of  equal  and  often  superior  economical  per- 
formance. 

The  favorite  pumping  engine,  particularly  in  London,  and  where 
fuel  is  costly,  seems  to  be  a  plain  beam  and  crank  engine,  with  a 
pump  of  the  "  bucket  and  plunger"  class,  and  their  performance  will 
probably  average  650,000  foot-pounds  per  pound  of  Welsh  coal. 
Recently,  some  ^'' compouncV  pumping  engines  have  been  built.  The 
Berlin  Water  AVorks  engine,  completed  some  months  ago  by  Simp- 
son &  Co.,  of  Pimlico,  is  now  reported  to  have  done  a  duty,  on  trial, 
of  1,004,000  foot-pounds  per  pound  of  best  Welsh  coal,  working  up 
to  115  H.  p.  each,  and  expanding  ten  times.  Such  engines  are,  of 
course,  more  expensive  than  the  former  style,  but  their  economy 
more  than  compensates  for  the  difference  in  first  cost,  and  when 
compared  with  Cornish  engines,  their  first  cost  is  less. 
,/  Their  economy  is,  of  course,  principally  due  to  the  greater  pres- 
sures and  greater  expansion  with  which  they  maybe  steadily  worked. 
In  pumping,  as  in  marine  engines,  but  for  different  reasons,  a  regu- 
lar motion  cannot  well  be  secured  with  high  steam  and  short  cut 
off  by  the  action  of  a  fly  wheel,  and  the  compound  engine  seems  to 
be  considered  the  most  promising  resource,  in  this  case,  in  the  strife 
for  highest  economy  of  fuel. 

The  boilers  furnished  with  pumping  engines  are  usually  either 
the  single-flued  Cornish  or  the  ordinary  two-flued  internally  fired 
boiler. 

British  machinery — with  now,  perhaps,  the  exception  of  marine 
engines — is  generally  characterized  more  by  strength  and  durability 
than  American,  the  endeavor  being  to  obtain  a  substantial  machine 
rather  than  one  of  low  first  cost.  This  difference  may  be  probably 
quite  as  largely  due  to  the  difference  in  wealth  and  the  distribution 
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of  i'.;i|iitul  111  ilii;  iwo  <;Miiii!,rirs  a-;  i.i  a  ilillriciicu  ill  tliu  uharauttT  of 
their  oiigiuocrM  ami  iii(5filiiinic.-. 

Iii!ss  in^cmiity  is  pi-rctMvcd  in  maiti-is  DCrlctail  than  in  Amnri-i 
uiid  vvi)  iu)li(;(!  particularly  thogr(?at  hick  of  those  litlhi  coiitriva;.  ■ 
which,  with  ns,  are  every wh(!re  louml  contrihiitiri;^  very  larL'<-'ly,  hi 
the  af^^re^ate,  to  our  comfort  Jiiid  conveni(!n(;e,  to  our  Hafety,  an«l 
to  the  economy  of  manual  hibor  ;  but  it  is  not  unlikely  that  the 
cause  of  this  a|)|)areut  ilcliciency  in  invention  may  bo  fourxl  in  an 
uiilortunate  system  of  patent  law.  in  America,  any  mechanic  who 
orii^iiiates  a  useful  invention  rea<lily  oljtains  a  [)atent,  and  this  patmit 
is  a  guarantee  of  his  ri<.^lit  as  invent<^r,  unless  prov(.'d  defective;  in 
the  courts;  in  Great  Britain,  on  the  contrary,  the  cost  of  a  j)atcnt 
is  so  great  that  few  inventors  arc  able  to  bear  the  expen.«e  of  ob- 
taining it  and  of  introducing  their  inventions,  and  a  patent,  wlien 
obtained,  has  really  no  value  as  evidence  of  novelty.  We  find, 
therefore,  invention  encouraged  in  the  United  States  by  complete 
and  inexpensive  protection,  while  it  is  discouraged  in  Great  Britain 
by  the  heavy  expense  incurred  in  its  simple  registration.  Tlie  ma- 
terial interests  of  Great  Britain  certainly  demand  a  change  of  her 
patent  laws. 

Note. — We  are  indebted  to  the  kindness  of  ^[r.  J.  Jenkinson. 
U.  S.  Consul  at  Glasgow,  for  statistics  just  received  of  the  ship- 
building on  the  Clyde  during  the  year  1870,  and  other  valuable  in- 
formation. We  extract  the  following  summary  of  work  to  the 
close  of  the  year  : 
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CORNISH  ENGINES. 

By  W.  H.  G.  West,  U.  S.  N. 

At  this  great  distance  from  home  I  have  had  the  pleasure  of 
reading  Mr.  Henderson's  and  Mr.  Birkinbine's  papers,  March  and 
April,  1870,  and  of  finding  in  them  the  final  necessary  evidence  in 
favor  of  reasons  for  the  superiority  of  the  Cornish  engine,  advanced 
in  my  paper  of  October,  1868. 

AVith  the  permission  of  the  Editors,  I  will  reply  to  them  at  the 
same  time,  and,  as  nearly  as  I  can,  in  the  order  in  which  they  are 
written. 

I  beg  the  readers  of  the  Journal  to  carefully  refer  to  the  last 
named  paper,  and  to  that  published  by  Mr.  Henderson  in  the  July 
number  of  1868,  so  that,  in  reviewing  the  evidence  already  pro- 
duced, there  may  be  no  doubt  as  to  the  "  original  question"  referred 
to  by  Mr.  Henderson  in  his  last  paper,  March,  1870,  page  159. 

The  original  question  was,  and  is,  not  ivhether  Cornish  engines  did 
better  duty  than  any  other  type  of  engine  or  not,  but  why  they  did 
it.  The  first  and  last  paragraphs  of  Mr.  Henderson's  first  paper, 
July,  1868,  show  it.  The  first  and  last  paragraphs  of  my  first 
paper,  October,  1868,  state  it  distinctly.  At  Mr.  Henderson's  re- 
quest, we  will  return  to  the  "  original  question." 

Knowing  well  that  simple  argument  seldom  produces  good  effects, 
I  have  waited  patiently  for  the  time  when  Mr.  Henderson  and  his 
supporters  should  make  such  statements  as  would  clearly  prove  me 
correct,  and  that  builders  neglecting  the  principles  referred  to  in 
my  paper  of  October,  1868,  could  only  make  a  good  Cornish  engine 
by  accident. 

My  desire  is,  and  has  been,  to  improve  the  manufacture  of  Cor- 
nish engines  in  the  United  States,  and  my  first  paper  was  the  off- 
spring of  that  desire. 

It  has  been  observed  that  the  "  classified  points  of  merit"  set 
forth  in  Mr.  Henderson's  first  paper  are  supposed  to  be  explanatory 
of  the  causes  of  superiority  of  the  Cornish  engine  over  those  of 
other  types,  but  not  one  of  these  "points  of  merit"  shows  why  one 
Cornish  engine  does  a  duty  of  130,000,000,  and  another  too  far 
below  40,000,000  to  be  mentioned.  What,  then,  causes  this  differ- 
ence of  more  than  90,000,000?  Not  a  paper  written  upon  the 
subject  has  drawn  attention  to  this  incontrovertible  fact,  a  fact 
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written. 

Tlie  reasons  given  l)y  Mr.  UenthMsun — the  high  ih-grec  ol"  expan- 
sion ;  tlio  unfettered  state  of  the  piston  ;  tljc  .saving  of  Htcani  from 
loss  by  eleara!iee  ;  the  isohiiion  of  the  working  end  of  tl)C  steam 
cylinder  from  tlieeooling  influence  of  the  conden.ser  ;  the  turning 
to  direct  account  of  the  {■/.!>•  viva:  the  use  of  the  steam  jacket ;  the 
inelastic  load — are  all  common  to  both  engines,  and  yet  one  docs  a 
duty  of  130,000,000,  while  the  other  does  less  than  an  ordinary 
high  pressure  engine  ;  one  of  the  generally  acknowledged  wor^t 

I  am  especially  grateful  to  Mr.  Birkinbiuc  for  bringing  this  in- 
stance to  light.  I  have  been  waiting  for  it.  As  he  says  on  page 
111,  August,  18G9,  it  illustrates  "defects  in  construction."  It  is  a 
Cornisli  engine,  one  of  the  infallibles,  but  owing  to  bad  construction, 
and,  in  all  probability,  worse  design,  it  is  less  economical  than  one 
of  the  worst  type. 

Some  of  the  cau.ses  enumerated  in  my  first  and  second  papers 
were  first  observed  by  Mr.  William  West,  the  designer  of  the 
Fowey  Consols  engine,  and  these  observations  led  to  many  of  the 
improvements  in  proportions,  which  finally  resulted  in  the  130,- 
000,000  duty. 

The  designer  of  the  Easton  enajine  can,  I  believe,  build  a  much 
better  one,  and  can,  with  his  own  choice  of  attendants,  make  the 
Easton  engine  do  better  duty.  He  certainly  would  never  leave  the 
boilers  out  in  the  cold ;  he  would  never  pass  a  palpable,  or  even  a 
possible  leak;  he  would  use  packing  of  the  best  quality,  and  lubri- 
cating matter  of  the  proper  nature  and  consistency  ;  but  he  would 
never  say  that  his  engine  would  do  better  if  he  had  not  neglected 
some  of  the  oldest  known  causes  of  superiority,  nor  would  he  rule 
out  the  perfectly  proportioned  Fowey  Consols  engine,  because 
being,  perhaps,  heavier,  it  could  make  use  of  a  higher  grade  of  ex- 
pansion, or  because  the  water  in  his  case  was  less  elastic  than  in  the 
case  of  the  Fowey  Consols  engine.  See  elastic  load,  page  159, 
March,  1870,  and  page  240,  April,  1870. 

Elastic  load  has  little  or  no  effect  on  duty,  but  supposing  it  does 
account  for  the  high  duty  performed  by  the  rotative  engines  re- 
ported in  my  paper,  it  cannot  account  for  the  difierence,  in  duty, 
between  the  Fowey  Consols  and  Mr.  Birkinbine's  Canal  Cornish 
engine,  page  243,  April,  1870,  nor  for  a  similar  difference  between 
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the  Easton  engine,  doing  94,000,000,  and  the  canal  engine,  doing 
too  little  to  be  reported.  I  have  a  much  better  right  to  claim  that 
the  Cornish  engine  does  better  duty  because  the  load  is  not  elastic. 

Sea  water  is  not  particularly  springy ;  indeed,  it  is  very  much 
like  other  water  in  that  respect.  The  propellers  of  steamships  work 
in  this  water,  and,  in  the  cases  I  have  given,  the  propeller  shafts 
are  of  about  18  inches  diameter.  The  elasticity  of  sea  water  is  no 
greater  than  that  of  mine  water.  The  spring  of  a  large  propeller 
shaft  is  inappreciable,  especially  in  fine  weather,  while  the  spring 
of  pump  rods,  beams,  etc ,  pumping  through  a  height  of  2100  feet, 
(Fowey  Consols  is  somewhat  deeper,)  is  unavoidable,  and  compara- 
tively great.  The  moment  a  ship  commences  to  spring,  the  engines 
get  out  of  line ;  the  journals  bind  and  often  cut ;  the  friction  is  in- 
creased inversely  ;  and — where  is  the  advantage  derived  from  elas- 
ticity ?  A  stiff,  unyielding  ship  is  a  blessing  to  the  marine  en- 
gineer. 

Some  engines  lifting  inelastic  loads  burn  8  to  10  pounds  of  coal 
per  horse-power  per  hour,  while  others  burn  less  than  2  pounds. 
The  same  thing  occurs  with  elastic  loads.  All  those  lifting  elastic 
loads  should  beat  those  lifting  inelastic  loads,  but  the  contrary  is 
generally  the  case,  as  shown  by  the  Cornish  engine. 

Mr.  Henderson  finds  fault  with  Mr.  Fulton  for  recommending 
economy  in  machinery^  page  153,  March,  1870.  He  should  remember 
that  small  cost  does  not  create  bad  design ;  that  it  takes  no  more 
time  to  design  an  engine  of  good  proportion  than  one  of  bad  pro- 
portion, and  I  assure  him  that  the  Easton  engine  is  one  of  the 
cheapest  Cornish  engines  ever  built  in  America. 

No  Cornish  engines  that  I  have  ever  seen,  or  heard  of,  in  any 
country,  are  provided  with  bed-plates.  The  cylinders,  air-pump 
beams  and  pump  work  are  entirely  unconnected,  except  by  the 
general  stone  foundation.  No  piece  of  iron,  serving  as  abed  plate, 
reaches  from  one  of  these  parts  to  another.  Cornish  engineers  con- 
sider bed  plates  unnecessary  appendages  to  well  designed  Cornish 
engines. 

One  of  the  highest  recommendations  of  the  Belmont  engines  is 
that  brought  forward  by  Mr.  Henderson  as  a  fault,  page  153.  The 
unnecessary  outlay  of  money  for  the  purchase  of  brass  for  glands, 
air-pump  buckets,  etc.,  is  done  away  with.  The  veneering  r&ferred 
to  by  Mr.  Hendersorl  is  added  to  the  cheaper  metal,  for  the  purpose 
of  preserving  smooth  surfaces,  for  packing,  etc.,  to  slide  upon.    The 
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ujiLnr  llial  the  iiilialtil;uil.s  u['  :i  cily  urt:  to  tlriiik  mIjouM  not  iiiipair 
llio  Htrcngtli  of  iron  by  corn^.sion.  Puro  water,  without  air,  will 
not,  iiijiii-(,*  ii'on  in  years,  even  to  tlio  extent  of  jjrodncing  a  Hlij.^ht 
iiisi,  Willi  air  it  rusts  bri<^Iit  iron  very  slowly,  li'  watercontains 
snlliciiMit  acid  to  corrode  glands  entirely  separated  from  this  water, 
how  iiiiK^h  more  must  il  corrode  all  1  he  pumping  aj)paratus,  pipes, 
valves,  air  pump,  condenser,  cylinder,  etc.  The  whole  apparatus 
should,  therefore,  be  made  of  brass,  and  who  w<juld  be  simj>le 
enough  to  employ  engineers  who  recommend  such  an  absurdly 
unnecessary  outlay?  All  this  veneering  may  be  found  in  the 
Maston  engine.  I  do  not  wonder  that  cheap  machinery  i.s  popular. 
^^r.  Henderson  next  brings  forward  the  fact  that  the  four  foun- 
dation bolts  of  a  50-inch  cylinder  are  made  of  1  J-iuch  iron,  and  yet 
he  generously  sets  up  the  ])roductions  of  the  designer  (I  do  not 
know  the  name),  who  cannot  compute  the  diameter  of  a  bolt,  to 
represent  the  work  of  American  engineers  before  the  readers  of  the 
tToiwnal. 

On  page  151,  Mr.  Henderson  asks  why  the  examples  given  by 
him  are  not  acceptable.  He  may  read  his  own  answer  on  pages 
156  and  157  of  March,  1870,  where  he  says  that  the  reports  of  other 
enoineers  "  amount  to  nothing,"  and  that  "there  is  no  limit  to  the 
artifices  employed  by  them  to  carry  out  their  designs."  Almost 
two  pages,  156  and  157,  are  devoted  to  arguments  against  the  integ- 
rity of  these  gentlemen,  and  still  he  asks  why  his  examples  are  not 
acceptable. 

On  page  156  Mr.  Henderson  says  that  "  it  is  not  the  aistom  to 
estimate  the  duty  of  pumping  engines  by  the  amount  of  combustible 
element  consumed,  deducting  ashes,  clinkers,  etc.,"  and,  farther  on, 
that  "  the  whole  of  the  coal  purchased,  and  not  seen  about  the 
works,"  should  be  charged.  Mr.  Henderson's  custom  needs  prompt 
and  decided  reformation.  On  this  coast  I  have  seen  bituminous  coal 
(Welsh — the  same  kind  as  that  used  in  Cornwall)  containing  less 
than  three  per  cent,  of  refuse.  I  have  also  seen  anthracite  coal  on 
this  coast  containing  over  thirty  per  cent,  of  refuse.  I  have  seen 
bituminous  coal,  the  ashes  of  which  were  burnt  over  and  over, 
leaving  no  refuse  but  clinker,  and  I  have  seen  scores  of  tons  of  fine 
anthracite  which  could  not  be  burned  at  all  in  the  ordinary  Cornish 
boiler.  Yet  this  coal  was  mixed  with  some  of  a  better  quality  and 
sold,  costing  at  the  time  of  consumption  about  S25  per  ton.  An- 
thracite coal  always  contains  this  worthless  slack.  The  slack  of 
Vol  LXI.— Third  Series.— Xo.  3.— March,  1871.  23 
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bituminous  coal  is  nearly  as  good  as  lump  coal.  Mr,  Henderson's 
"  custom"  would  lead  us  to  expect  as  good  results  from  a  ton  of 
miserable  slaty  coal  as  from  a  ton  of  tlie  best  bituminous. 

The  cost  of  fuel  has  nothing  to  do  with  duty.  The  price  of  fire 
wood  in  London  is  very  much  greater  than  it  is  in  our  forests,  but 
the  steaming  qualities  of  our  pitch  pine  are  much  better  than  those 
of  the  fire  wood  used  in  London.  Coal  is  cheap  in  and  near  the 
mine  from  which  it  is  taken,  while  it  is  expensive  in  the  large  city. 

The  custom  of  comparing  duties  without  regard  to  quality  of 
coal  is  indubitably  wrong,  but  the  amount  of  combustible  contained 
shows  very  nearly  the  real  value  of  the  coal,  as  far  as  duty  is  con- 
cerned. The  cost  shows  this  only  in  a  small  degree;  it  is  rather 
an  exponent  of  the  difficulties  met  with  in  mining,  and  the  distance 
between  mine  and  market. 

Mr.  Henderson  lauds  the  Cleveland  engines  burning  liiuminous 
coal  and  doing  50,000,000  duty.  I  respectfully  refer  our  readers  to 
his  report  of  the  Easton  engine,  which  shows,  for  it,  a  duty  of  94,- 
000,000,  burning  rather  fme  anthracite  coal. 

The  duty  done  by  the  Cleveland  engines  is  not  good,  but,  on  the 
contrary,  under  the  average  given  by  all  the  papers  late!  v  published 
in  the  Journal.  If  they  had  different  cylinders,  boilers,  pumps, 
etc.,  if  they  were  altogether  different  engines,  they  might  do  better 
dut}'- ;  but  these  engines,  as  designed  and  erected,  have  done  rather 
badly.  They  have  done  44,000,000  less  than  the  Easton  engine,  by 
Mr.  Henderson's  own  showing,  and  yet  Mr.  BCenderson  says  they 
are  among  the  most  economical. 

It  is  true  that,  as  remarked  on  page  157,  March,  1870,  the  Cor- 
nish engine  has  "  emerged  triumphant"  from  comparisons,  but  I 
have  some  fear  that  no  Cornish  engines,  built  upon  the  principles 
which  Mr.  Henderson  and  his  supporters  advocate,  have  passed 
under  the  triumphal  arch,  nor  do  I  think  they  will  while  every 
cause  is  neglected  which  goes  to  make  one  engine  better  than  an- 
other of  the  same  kind,  or  indeed  of  any  kind.  If  they  are  good, 
why  can  we  not  get  at  the  duties  ? 

Why  will  Mr,  Henderson  continue  to  facetiously  refer  to  the 
benefits  derived  from  the  upright  manner  in  which  gravity  works 
or  acts  (page  158),  while  Mr.  Birkinbine  so  firmly  keeps  the  Canal 
Cornish  engine  before  his  eyes?  It  ruins  his  elastic  argument,  his 
gravitation  argument,  and  indeed  every  other  that  has  been  advanced 
on  his  side. 
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1  caiiiioL  aiMX'dii  Ut  Mr.  ll<;ii(l(,'rs(jn\s  request,  on  page  lO'J,  to  j>ro- 
(liico  tlio  results  of  some  of  my  favorite  engines  pumping  water.  If 
1  have  a  fuvcirite — 1  have  no  i»atents — it  is  the  Corninh  engine, but 
it  must  be  a  good  one.  'J'he  mails  arc  too  irregular,  and  I  am  too 
far  from  liomc,  to  gatlier  statistics.  Were  I  to  umktt  the  attempt, 
it  would  i)iobably  be  a  failure,  as  Mr.  Henderson  and  Mr.  Birkin- 
bine  assure  me  that  "there  is  no  limit  U)  the  artifices,"  etc.,  page 
157,  March,  1S70,  and  that  "  these  two  instances  .sliow  the  unrelia- 
bility of  some  claimed  duties,"  April,  1870. 

I  am  perfectly  willing  to  accept,  as  true,  all  the  stati.stics  given 
over  the  signatures  of  gentlemen  writing  for  the  Jourmd,  but  I  can- 
not help  contrasting  the  above  quotations  with  Mr.  Henderson's 
question,  page  154,  "  why  are  these  examples  not  acceptable  ?"  and 
with  Mr.  Birkinbine's  statement  that  his  Bull  engines  have  done 
07,000,000.  I  would  strongly  urge  the  acceptance  of  a  mean  of  all 
the  statements,  as  premises  on  which  to  work, 

I  am  given  to  understand  that  Wolfs  double  cylinder  invention 
was  first  applied  to  the  Cornish  engine,  or  at  least  to  a  pumping 
engine  built  in  Cornwall. 

With  the  permission  of  the  Editors,  I  will  now  reply  to  Mr.  Bir- 
kinbine,  in  the  hope  that  he,  too,  will  see  svhy  some  engines  are 
wonderful]}'  good — regardless  of  type  or  elasticiUj  of  load — while 
others  are  disgracefully  bad. 

]\[r.  Birkinbine's  statements  and  examples  have  already  helped 
me  to  prove  that  elasticity  of  load  has  nothing  whatever  to  do  with 
duty.  Were  it  so  favorable  to  rotative  engines  as  to  rule  them  out 
of  comparison  altogether,  non-elasticity  of  load  should  put  the  Cor- 
nish Engine  so  far  down  as  to  be  ruled  out  also.  Our  rotative  engines 
were  bad  to  begin  with,  they  are  now  among  the  best.  Our  Cornish 
engines  were  very  bad  to  begin  with,  they  are  now  worse.  Xo 
weighty,  expansive  or  elastic  reasons  can  disestablish  that  fact. 

Mr.  Birkinbine  does  not  appear  to  know  what  "  the  question 
under  discussion"  is.  I  w^ould  inform  him  that  it  is  the  "original 
question"  spoken  of  by  Mr.  Henderson,  and  referred  to  in  the  early 
part  of  this  paper. 

Mr.  Birkinbine  has  had  the  misfortune  to  make  a  mistake,  just 
a  little  bit  funny,  in  putting  the  duties  of  the  Fowey  Consols  engine 
Rowan's  so  close  together  on  his  first  page.  He  does  not  appear  to 
know  that  Eowau's  engine  was  a  rotative  engine,  brought  forward 
in  one  of  my  papers  to  make  the  best  Cornish  engine  a  second  rate, 
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in  answer  to  a  request  published  by  Mr.  Henderson  in  December, 
1868. 

The  readers  of  the  Journal  will  do  well  to  compare  the  next  two 
paragraphs  (4  and  5)  page  240,  with  the  statement  which  Mr.  Bir- 
kinbine  makes  in  regard  to  the  duty  of  his  engines,  67,000,000. 

In  the  last  paragraph  of  page  240,  Mr.  Birkinbine  presents  my 
views,  exactly,  in  regard  to  the  reasons  why  pumping  engines  are, 
in  many  instances,  bad,  and  it  is  one  of  the  best  explanations  given, 
of  the  difference  between  duties  of  two  Cornish  engines,  or,  indeed, 
any  other  engines,  in  the  proportion  of  67  to  94,  or  to  130. 

I  must  say  of  unwillingness  to  pay  for  proper  machinery,  that 
the  same  thing  occurs  in  all  branches  of  trade,  but  when  business 
men  order  Cornish  engines,  (and  who  else  does  order  thera  ?)  they 
expect  to  pay  a  fair  price.  Bad  machinery  is,  as  Mr.  Birkinbine 
says,  in  other  words,  on  page  240,  last  paragraph,  the  work  of  men 
deficient  in  engineering  knowledge.  The  price  has  nothing  to  do 
with  the  design.  The  completion  of  a  correct  design  costs  less  than 
a  series  of  mistakes  resulting  in  a  failure.  The  Easton  engine  was 
well  designed  ;  the  material  employed  in  the  manufacture  was  fair  ; 
the  construction  or  execution  of  the  design — 'including  work  of  me- 
chanics — was  fair,  and  the  finish  was  execrable.  The  money  saved 
from  "  finish"  was  spent  in  material  and  good  fitting.  The  price 
was  very  small,  and  the  duty  94,000,000;  the  highest  done  in 
America  by  any  pumping  engine. 

(To  be  continued.) 


WATER  WORKS  FOR  THE  PEOPLE. 

By  W.  M.  Henderson,  Hydraulic  Engineer. 

An  abundant  supply  of  pure  and  wholesome  water,  at  an  eco- 
nomical rate,  is  every  where  one  of  the  first  requisites  of  the  peo- 
pie,  and  yet  there  are,  at  the  present  time,  numbers  of  cities  and 
large  towns  in  this  country  where  such  a  supply  is  unprovided.  It 
is  especially  essential  both  as  a  beneficial  sanitary  measure  in  con- 
nection with  the  health,  cleanliness,  and  comfort  of  a  community, 
as  well  as  a  powerful  incentive  to  encourage  the  various  branches 
of  industry  to  settle  where  this  all  important  element  is  to  be 
found.  In  addition  to  the  requirements  for  household  purposes, 
there  are  other  demands,  embracing  mercantile  necessities,  as  the 
supplying  of  steam  boilers  with  water,  and  the  numerous  purposes 
required  by  factories  of  the  different  kinds ;  while,  if  the  supply 
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will  iH'iiiiit,  tlicic  nYi'  |iI(Mity  <»r  (;tliur  uhum  to  which  water  can  Im* 
applied  with  inanir<'Ht  advaiitapi,  as  tho  cleansing  of  Ktrccts  from 
th(!  a(!(!iiiiiiilati()n  of  olVetiMivo  ruatters,  tho  purifyinj^  and  cooling  of 
iho  air,  in  the  hot  sumnicr  nionths,  by  copiouH  distrihutionH  UHcd 
in  tho  washini^  of  pavcMncnts,  sprinkling  of  streets,  lawns  and  gar- 
dens, supplying  fountains,  and  in  many  other  ways  eontrihuting  to 
tho  beauty  and  allraetiv(!ness  of  the  city  or  t<nvn  happily  furnished 
with  this  truly  health-giving  medium. 

As  the  population  increases,  otlicr  rc*|uirement.s  present  them- 
selves where  water  is  of  the  very  utmost  importance.  Conflagra- 
tions will  occur,  more  or  less  disastrous,  fre<iuently  laying  waste 
whole  sections  of  cities,  spreading  I'ear,  consternation  and  ruin  on 
every  hand,  accompanied  too  often  with  fatal  results. 

IIow  important,  then,  i.s  this  question  of  the  aburtdant  and  relia- 
ble supply  of  water  I  And  wlien  we  consider  how  easily  this  great 
boon  can  be  acquired,  how  culpable  are  they  who,  placed  in  au- 
thority to  administer  to  the  wants  o'i  the  people,  yet  neglect  this 
most  serious  duty.  It  is  not  even  an  expensive  luxury,  for  there 
is  no  better  investment  to  be  found  for  that  surplus  capital,  existing 
in  all  thriving  communities,  than  this  producing  o^  water  worlcs  for 
the  people.  They  are  at  once  a  source  of  revenue,  being  .self-main- 
taining by  the  collections  arising  from  water  rents,  fully  adequate, 
by  proper  management,  to  pay  a  liberal  interest  upon  the  invest- 
ment, and  to  rapidly  create  a  sinking  fund  to  pay  off  the  original 
outla}''.  Apart  from  all  this,  the}''  will  be  found  to  repay  many 
times  their  cost,  in  the  matter  of  reduction  of  insurance  rates,  and 
the  saving  effected  in  regard  to  property,  which  would  otherwise 
liave  been  destroyed.  They  also  enhance  the  value  of  this  property, 
as  has  been  found  to  be  the  invariable  case  wherever  they  have 
been  introduced. 

The  primary  step  to  be  taken,  when  it  has  been  decided  to  have 
water  introduced  into  a  town,  is  to  ascertain,  by  a  general  survey 
of  the  immediate  neighborhood,  whence  a  quantity,  adequate  to 
the  necessities  of  the  inhabitants,  can  be  procured.  It  should  be 
determined  beyond  doubt  that  this  source  shall  be  amply  sufficient 
to  furnish,  at  all  times,  the  amount  absolutely  required,  even  in 
seasons  of  drought — for  once  the  people  have  been  led  to  depend 
upon  a  regular  supply  the  former  means  will  have  been  abandoned, 
passed  away  and  beyond  the  reach  of  being  again  made  servicable. 
These  preliminaries  having  been  satisfactorily  settled  upon,  the 
question  of  preference  in  regard  to  the  system  to  be  adopted  for 
distributing  the  supply,  is  purely  one  of  a  pecuniary  character. 
The  various  plans  upon  which  water  works  have  been  successfully 
constructed,  will  be  found  to  be  embraced  under  the  following 
heads : — 
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Water  Supply  loith  Reservoir —  Water  Supply  with  Standpipe — and 
Direct  Water  Supply. 

\st.    Water  Supply  luith  Reservoir. 

This  is  the  oldest  of  the  metliods  here  described  for  supplying 
cities  with  water,  and  for  many  reasons  it  is  the  best ;  at  the  same 
time  it  is  the  most  expensive.  But  where  enconoiny  of  first  cost 
is  not  considered  the  paramount  object  to  be  obtained,  it  will  be 
found,  to  be  the  cheapest  in  the  end.  The  manifest  advantage  of 
the  reservoir  system  is  to  be  found  in  the  storing  up  of  a  large 
body  of  water,  to  be  made  available  in  time  of  drought,  or  in  case 
of  interruption  by  accident  to  any  part  of  the  pumping  machinery. 
The  reservoir  maintains  a  constant  head  upon  the  mains,  by  virtue 
of  simple  hydrostatic  pressure.  And  it  also  serves  as  a  repository 
for  any  impurities  the  water  ma}'-  hold  in  suspension,  which  settle 
to  the  bottom,  the  pure  water  being  withdrawn  from  a  few  feet 
above.  Another  great  advantage  of  the  reservoir  is,  that  the 
pumping  can  be  effected  within  certain  limits  of  time — say  half 
time  running ;  thus  affording  ample  opportunity  for  keeping  the 
machinery  in  proper  working  order,  as  well  as  giving  the  engineer 
in  charge  facilities  for  a  general  inspection  of  the  works,  with  a 
view  to  repairs,  or  contemplated  additions  and  improvements. 

The  proper  carrying  out  the  benefits  to  be  derived  from  this 
system  necessitates  the  use  of  a  distinct  distributing  main,  though 
it  not  unfrequently  happens  the  delivery  main  from  the  pump  is 
made  to  serve  the  double  purpose.  The  value  of  the  reservoir 
system  was  fully  exemplified  to  the  citizens  of  Philadelphia  during 
the  drought  of  1869.  Had  it  not  been  for  the  Reservoirs^  the  suf 
fering  of  the  people  must  have  been  calamitous. 

2c?.    Water  Supply  with  Standpipe. 

This  in  order  is  the  next  method  for  maintaining  a  uniform  press- 
ure upon  the  street  mains.  The  water  from  the  pump  rises  within 
the  standpipe  to  an  elevation  corresponding,  in  effect,  the  same  as 
if  a  reservoir  of  a  similar  altitude  were  employed.  The  irregulari- 
ties produced  by  the  action  of  the  pumps  are  here  equalized,  and 
the  stream  caused  to  flow  in  a  steady  current.  It  is  apparent  the 
quantity  of  water  capable  of  being  contained,  in  the  standpipe  is  a 
very  limited  amount,  consequently  no  prolonged  stoppage  of  the 
machinery  can  be  indulged  in,  although  it  will  afford  sufficient 
time  for  repacking  the  engines,  and  other  ordinary  adjustments. 
Some  of  the  water  works  in  and  around  Philadelphia,  have,  in 
times  past,  supplied  their  water  by  the  aid  of  the  stand  pipe,  vary- 
ing from  130  to  170  feet  in  height.  At  Erie,  Pa.,  there  is  one  of 
217  feet  high — said  to  be  the  highest  in  the  world.  As  an  expe- 
dient to  overcome  the  expense  attending  the  building  of  a  reser- 
voir, the  stand  pipe  has  been  found  to  answer  remarkably  well. 
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CX' course  tlic  \vaf<r  will  1m;  dulivcnMl  with  all  the  itripiirilicM  it  rnay 
li<»l(l  ill  KU.spoii.sioii,  but  if  tlio  watur  to  he;  purnnc*!  in  fifHt  rec<;ivcri 
ill  a  siibsidary  rosurvoir,  (iltcrbod,  or  carefully  con  '•  '  i  wells, 
accord i II j^  to  tlic  plans  usually  pursued  in  hucIi  c:i  :   can, 

without  doubt,  1)<!  Curnishcd  ol' a  pur(!  and  wliolc.-oin<-  <  ;,.u.i<:lcr. 

'J'lio  proper  carrying  out  ol'tliis  system  involvi;s  the  n<;ceH.-ity  of 
duplicate  machinery  and  double  set  of  hands  to  insure  a  aupply  of 
water,  for  it  would  be  impossible  to  guarantee  a  single  pumping 
engine  against  accidental  derangement  at  some  time  wliich  would 
be  fatal,  as  will  be  readily  perceived. 

od.   Direct   Water  SupjAij  witJiout  Rc;s':rc'jir  or  Slnudpipt. 

The  idea  of  dispensing  with  all  auxiliary  receptacles  for  retain- 
ing any  mass  of  water,  and  pumping  directly  througli  the  mains  to 
the  consumers,  was,  it  is  believed,  first  introfbiced  in  London,  in 
the  year  1582,  where  was  erected,  at  London  Bridge,  a  water  wheel, 
driving  four  gang  piston  pumps,  arranged  to  take  water  alter- 
nately, which  at  that  time  created  quite  a  sensation.  The  ma- 
chinery, it  is  related,  was  found,  upon  trial,  to  be  very  effective, 
furnishing  a  good  supply  of  water  to  tlic  city,  and  had  the  capacity 
of  throwing  streams  of  water  over  St.  Magnus  steeple.  The  grow- 
ing wants  of  the  citj^  impurity  of  the  water,  and  other  reasons, 
combined  to  its  abandonment  fully  a  century  ago.  Quite  lately 
this  identical  system  has  been  reproduced  in  this  country,  the  firm 
now  building  upon  this  plan  claiming  to  have  originated  it,  and 
lauding  it  above  every  thing  else  for  water  work  purposes.  In 
addition  to  the  gang  pumps,  the  American  inventor  has  intro- 
duced the  extraordinary  combination  of  rotary  pjumpjs,  and  where 
steam  is  to  be  substituted  for  water  power,  rotary  en'jines  also — 
two  of  the  most  wasteful  forms,  for  the  purpose,  which  the  ingenuity 
of  man  could  well  devise.  There  are  many  situations  and  attending 
circumstances  where  the  direct  supply  system  can  be  employed 
with  advantage.  But  that  is  the  ne  plus  ultra ^  {ox  all  and  every 
rotation  is  a  plain  misrepresentation  of  facts.  That  which  im- 
mediately recommends  it  is  the  comparatively  small  outlay  re- 
quired to  erect  works  upon  this  plan.  A  standpipe  or  reservoir 
can  afterwards  be  added,  when  the  necessary  capital  has  been 
raised.  It  is  not  imperatively  necessary,  however,  to  employ  a 
gang  of  small  pumps,  interspersed,  by  way  of  variety,  with  one  or 
more  upon  the  rotary  principle]  nor  is  it  likely  to  be  conducive  to 
economy  to  employ,  as  a  motor,  a  steam  fan,  or,  as  it  is  commonly 
called,  a  rotary  engine,  to  produce  the  simple  results  aimed  at. 
Indeed  there  is  little  occasion  to  depart  from  the  usual  description 
of  machinery,  perfected  by  long  usage  to  the  requirements  of  water 
work  purposes.  The  all-absorbing  question  of  economy  in  regard 
to  fuel  and  repairs,  is  a  powerful  argument  against  the  rapid  re- 
ciprocation of  short  stroke  gang  pumps,  and  the  ruinous  effects  pro- 
duced by  that  high  velocity  demanded  by  the  rotary  principle. 
Economy  in  any  form,  under  such  circumstances,  is  entirely  out  of 
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tlie  question ;  for  so  long  as  the  laws  which  govern  the  universe 
are  in  force,  that  which  was  established  at  one  period  of  time  will 
still  remain  a  fact  in  all  succeeding  ages,  and  no  amount  of  contro- 
versy, or  opinions  of  any  set  of  men,  advanced  as  a  species  of  spe- 
cial advocacy,  have  the  power  of  setting  it  aside.  The  true  expense 
of  an  engine  is  the  original  price ^  added  to  its  annual  cost  for  main- 
tainance,  capitalized  say  at  20  years'  purchase.  The  direct  supply 
system  dispenses  with  the  cost  of  constructing  reservoirs,  to  which 
extent  it  will  -be  more  economical  in  the  first  instance.  But  it  is 
less  regular  than  either  of  the  others.  The  machinery  is  required 
to  be  kept  in  motion  all  the  time,  or  at  least  ready  to  start  at  any 
moment  when  water  is  wanted.  Vigilance  is  an  incessant  and  ar- 
bitrary requirement.  A  fire  may  break  out  any  instant  of  time, 
night  or  day,  and  may  not  occur  for  months ;  still  the  price  of  se- 
curity is  eternal  vigilance,  which  in  the  case  where  steam  is  em- 
ployed as  a  motive  power,  means  continuous  consumption  of  fuel ; 
which  again,  in  plain  English,  means  wasting  money.  In  connec- 
tion with  this  system,  it  must  not  be  forgotten  that  all  the  connec- 
tions pertaining  to  the  distributing  mains  require  to  be  made  es- 
pecially heavy,  and  consequently  more  than  usually  expensive, 
with  a  view  to  withstand  the  excessive  pressures  thrown  upon 
them  when  the  engines  are  forcing  against  the  enormous  pressure 
necessary  to  be  effectual  in  case  of  fire.  It  becomes  quite  a  serious 
question,  then,  whether  it  is  altogether  satisfactory  or  judicious  to 
assume  this  extra  cost,  together  with  the  risk  of  leaking  joints  and 
bursting  pipes,  from  the  cause  pointed  out,  for  the  mere  sake  of 
dispensing  with  that  portable  fire  apparatus  so  well  known  through- 
out the  country. 


BELTING  FACTS  AND  FIGURES. 

By  J.  H.  Cooper. 
(Continued  from  page  100.) 

Friction  Wheels. — "  Wheels  acting  upon  each  other  are  the  in- 
struments by  which  the  transmission  of  force  from  one  part  of  a 
svstem  of  machinery  to*  another  is  commonly  and  conveniently 
effected.  The  due  connection  of  the  moving  parts  is  accomplished 
either  by  the  mutual  action  of  properly  formed  teeth,  by  straps  or 
endless  bands,  or  by  the  friction  of  one  face  of  a  wheel  against  an- 
other. The  latter  method  has,  when,  adopted,  been  generally  in 
small  light  works,  where  the  pressure  upon  the  different  parts  of 
the  machinery  is  never  considerable.     Nr.  Nicholson  saw  a  drawing 


(•fa  s|)imiiii^\vli<'»!l  for  chiMi'ii,  iii  ,i  ■  n.i/ii  ,   -iiool,  in  whir!  •  '•  •  • 
lioiM/onl.'il  wliecl,  willi  u  n\\\>  of  bull"  It-alluT  glu«'<l  on  itK  Uj 
lace,  near  tlic   outrr  vi\\n\  drovt!   12  Mjiin<lIcM,  at  which  the  narnv 
iiuml)«'r  of  I'liiltlicn  sat.     Tin*  spinMIcs  had  <3ach  ii  Kinall  r<'" 
wise  luced  witli  Icatln'r,  aii<l  were  cajiahlc,  hy  an  miny  and  : 
neons  motion,  oCboing  thrown  into  ('ontact  with  tlie  large  who<;l  at 
pleasure.     The  winding  bolibins  for  yarns  at  the  cotton  rnillM  opo- 
latc  on  the  same  simple  and  elej^ant  jtrinciple,  which  po.sseH.«<es  the 
advantage  of  drawing  the  thread  with  an  e(jual  velocity,  what«'vor 
may  bo  the  quantity  on  tiie  bobbin,  and  cannot  break  it. 

"  We  are  not  aware  that  the  same  mode  of  communicatn.n  nas 
IxHMi  achipted  in  large  works,  except  in  a  saw  mill,  by  Mr.  Taylor, 
of  Southampton.  In  this  tlu^  wheels  act  upon  each  other  by  the 
contact  of  the  end  grain  of  wood  instea<l  of  cogs.  The  whole  wr.t'  •  - 
very  little  noise,  and  wears  very  well  ;  it  has  now  been  in  use  ma; .;. 
twenty  years.  There  is,  of  consequence,  a  contrivance  to  make  the 
wheels  bear  firmly  against  each  other,  by  wedges  at  the  .sockets,  or 
by  levers.  This  principle  and  method  of  transmitting  power  cer- 
tainly deserves  every  attention  ;  particularly  as  the  customary  mode, 
by  means  of  teeth,  requires  much  skill  and  care  in  the  execution, 
and,  after  all,  wants  frequent  repairs." — Treatise  on  Mechanics.  OUn- 
tliiLS  Gregory:  London,  1806. 

From  Ranhine's  Manual  of  Machinery  and  Mil!  Work  we  take 
the  following : 

"The  flexible  pieces  used  in  machinery  may  be  classed  under 
three  heads:  Cords,  which  approximate  to  a  round  form  in  section  : 
Bells,  which  are  flat ;  and  Chains,  which  consist  of  a  series  of  rigid 
links,  so  connected  together  that  the  chain,  as  a  whole,  is  flexible. 
Mr.  Willis  gives  them  all  the  common  name  of  icrapping  cormect- 
ors ;  and  for  the  sake  of  brevity  in  stating  principles  that  apply  to 
them  all,  they  may  conveniently  be  called  hamls. 

"  The  effective  radius  of  a  pulley  is  equal  to  the  radius  of  the 
pulley  added  to  half  the  thickness  of  the  band. 

"  Smooth  bands,  such  as  belts  and  cords,  are  not  suited  to  com- 
municate a  velocity-ratio  u-i7A ^reci'seoyi,  as  teeth  are,  because  of  thei-r 
being  free  to  slip  on  the  pulleys ;  but  the  freedom  to  slip  is  advan- 
tageous in  swift  and  powerful  machinery,  because  of  its  preventing 
the  shocks  which  take  place  when  mechanism  whioh  is  at  rest  is 
suddenly  throicn  iiito  gear,  or  put  in  connection  with  the  prime 
mover.  A  band,  at  a  certain  tension  is  not  capable  of  exerting  more 
Vol.  LXI.— Third  Sekies.— Xo.  3.— March,  1871.  24 
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than  a  certain  definite  force  upon  a  pulley  over  whicli  it  passes, 
and  therefore  occupies,  in  communicating  its  own  speed  to  the  rim 
of  that  pulley,  a  certain  definite  time,  depending  on  the  masses  that 
are  set  in  motion  along  with  the  pulley  and  the  speed  to  be  impressed 
upon  them,  and  until  that  time  has  elapsed  the  band  has  a  slipping 
motion  on  the  pulley;  thus  avoiding  shocks,  which  consist  in  the 
too  rapid  communication  of  changes  of  speed. 

"  The  swell  usually  allowed  in  the  rims  of  pulleys  is  one  twenty- 
fourth  part  of  the  breadth. 

In  quarter  twist  belts,  "  in  order  that  the  belt  may  remain  on  the 
pullevs,  the  central  plane  of  each  ^^f^H^y  must  pass  through  the  -point 
of  delivery  of  the  other  pulleg.  It  is  easy  to  see  that  this  arrange- 
ment does  not  admit  of  reversed  motion. 

"  The  safe  working  tension  of  leather  belts,  according  to  Morin, 
is  285  pounds  on  the  square  inch.  The  ordinary  thickness  of  belt- 
ing leather  is  about  -IG-inch. 

"  The  inside  of  the  leather  is  rougher  than  the  outside,  and  is 
placed  next  the  pulleys,  crossed  belts  being  twisted  so  as  to  bring 
the  same  side  of  the  leather  in  contact  with  both  pulleys. 

"  Leather  belts,  when  new,  are  not  quite  of  the  heaviness  of  water, 
say  60  pounds  per  cubic  foot ;  but  after  having  been  for  some  time 
in  use,  they  become  thinner  and  denser  by  compression,  and  are 
then  about  as  heavy  as  water.  The  weight  of  single  belting  is  ap- 
proximately '068  pounds  per  one  inch  breadth  and  one  foot  length. 

"  Baiu  Hide  Belts  have  a  tenacity  about  one  and  a  half  that  of 
tanned  leather.  When  raw  hide  is  used  for  belts  or  for  ropes  it  is 
soaked  with  grease,  to  keep  it  pliable  and  protect  it  against  the 
action  of  air  and  moisture. 

"  Gutta-Percha  is  sometimes  used  for  flat  belts.  They  are  made 
of  the  same  dimensions  with  leather  belts  for  transmitting  the  same 
force,  and  are  nearly  of  the  same  weight. 

"  Woven  Belts  are  made  of  a  flaxen  or  cotton  fabric,  a  sufficient 
number  of  plies  being  used  to  give  a  thickness  equal  to  that  of 
leather  belts,  and  cemented  together  with  india  rubber.  When 
made  of  flax,  they  are  said  to  be  about  three  times  more  tenacious 
than  tanned  leather  belts  of  the  same  transverse  dimensions. 

"Ultimate  tenacity  of  leather  rope,  10,000  feet,  or  3360  pounds 
on  the  circular  inch;  of  raw  hide,  15,000  feet  and  5040  pounds  on 
the  circular  inch ;  safe  working  tension,  one-sixth  of  these  dimen- 
sions. 
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"  'I'lic  ordinary  m|i('c(1  of  wire  rdjic.s  in  M'  ''  I'  IIjrn'«  '  Tclcxljr. 
iinniic  'I'rnrisnii.Hsiorr  of  power  in  from  50  ;  •  por  aocond,  and 

with  wrotiglit  iron  |)iilluyri  it  in  conMi(l(?r(;(l  that  it  might  l)«  incrcaju.'^l 

to  1<I()  loot  j)or  sccoiwl. 

"  In  order  tliat  tlid  ropo  may  not  1j«;  ovcrntraincd  hy  the  liending 
of  till'  wires  o['  which  it  consists,  in  j>asHinf5  round  llio  driving  and 
fi)Il()win^  pulleys,  the  diameter  <»!'  ea<di  of  tli<JHO  j)ulle\       ' 
1x5  less  than  110  times  the  diameter  of"  \\\v.  ropr,  and   \ 
as  much  as  2<>i)  times. 

"  The  distance  between  the  ilriving  und  f'ollowin;^  pulleys  \ts  nni 
made  less  than  about  100  feet;  for  at  less  distances  slmfting  is  more 
ellicient;  nor  is  it  made  more  than  r>0()  feet  in  one  span,  because  of 
the  great  length  of  the  catenar}'  curves  in  which  the  rope  bangs. 
When  the  distance  between  tlic  driving  and  following  i)ulleys  ex- 
ceeds oOO  feet,  the  rope  is  supported  at  intermediate  points  by  pairs 
of  bearing  pulleys,  so  as  to  divide  the  whole  distance  into  intervals 
of  500  feet,  or  less. 

"  The  bearing  pulleys  have  half  the  diameter,  and  arc  of  similar 
construction  wit^h  the  driving  pulleys. 

"  The  loss  of  work  due  to  the  stiffness  of  the  rope  may  be  re- 
garded as  insensible;  because,  when  the  diameters  of  the  pulleys 
are  sufficient,  the  wires  of  which  the  rope  is  made  straighten  them- 
selves by  their  own  elasticitj'-,  after  having  been  bent. 

"Experience  shows  the  loss  of  power  by  the  axle  friction  of 

driving  and  following  pulleys  to  be  about  ^'o^^?  ^"^^  ^^  ^^^  ^^^^ 

friction  of  each  pair  of  bearing  pulleys  about  jj^lh  of  the  whole 

power  transmitted.'' 

(To  be  continued.) 


ON  THE  HORSE-POWER  OF  STEAM  ENGINES  AND   BOILERS.  AND 
SOME  FACTS  CONNECTED  WITH  THE  EXPANSION  OF  STEAM. 

By  Edward  Browx. 
[Kead  before  the  Franklin  Institute  at  its  Stated  Meeting  in  January.] 

An  actual  horse-power,  as  is  well  known,  is  33,000  pounds  raised 
one  foot  high  per  minute.  The  application  of  this  test  to  engines 
and  boilers  is  the  subject  of  this  paper. 

It  has  been,  and  still  is,  a  common  custom  with  steam  engine 
builders,  to  specify  in  the  contract  of  sale  that  the  engine  and  boiler 
are  of  a  certain  size  and  horsepower.     That  the  machines  come  up 
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to  the  contract  in  size  is  easily  determined  by  measurement,  but  the 
actual  horse-power  developed  by  a  steam  boiler  is  a  subject  upon 
which  the  seller  and  buyer  may  differ  materially. 

It  is  useless  for  one  to  attempt  to  make  a  standard  rule  for  the 
horse-power  of  an  engine  from  the  size  of  the  cylinder.  An  engine 
10  X  24  inches  will  work  from  20  to  100  horse-power,  according  to 
the  pressure  of  steam  and  speed  of  the  piston.  The  seller  might 
designate  wliatever  power  he  pleased  within  these  limits  ;  it  would 
be  very  little  guide  to  the  purchaser. 

The  case  is,  however,  different  when  we  come  to  estimate  the 
horse-power  of  an  engine  and  boiler  sold  as  a  unit.  There  will  be 
no  question  among  engineers  that  here  the  horse-power,  according 
to  common  custom  and  practice,  is  the  power  exerted  upon  the 
piston,  measured  by  the  area  of  the  indicator  diagram.  If  the  ma- 
chine will  perform  that  work  steadily,  from  week  to  w^eek,  such  is 
its  actual  horse-power. 

Let  us  now  examine  the  means  of  ascertaining  the  horse-power 
of  a  steam  hoiler,  sold,  we  will  say,  for  100  horse-power,  but  failing 
to  come  up  to  the  expectation  of  the  purchaser.  This  is  a  practical 
question,  and  one  not  unfrequently  occurring.  Especially  is  it  liable 
to  occur  with  boilers  of  the  non-explosive  patterns,  recently  intro- 
duced. The  makers  are  endeavoring  to  supply,  and  the  purchasers 
to  obtain,  a  perfectly  safe  boiler,  of  the  same  horse-power  and  at 
the  same  price  as  those  of  the  usual  standard  forms. 

Several  cases  of  this  character  having  recently  come  under  my 
observation,  I  will  give  you  the  course  pursued  in  one  of  them  to 
ascertain  the  horse-power  of  the  boiler. 

The  boilers  replaced  some  old  worn  out  boilers  which  were  re- 
moved. They  supplied  steam  to  a  cylinder  16  inches  by  4  feet, 
speeded  for  about  fifty  revolutions.  The  boilers  were  fired  to  the 
best  ability  of  the  fireman,  and  steam  being  maintained  at  forty 
revolutions,  the  cards  A  were  taken,  showing  no  expansion  and 
55|-  H.  P.  It  was  justly  objected  by  the  Boiler  Company  that  this 
was  an  extravagant  use  of  the  steam,  and  .not  a. fair  test  of  the  H.  P. 
of  the  boiler.  A  Tremper  cut-off  was  then  fixed  on  the  back  of 
the  steam  chest,  and  a  trial  made  a  few  days  afterwards.  The  steam 
chest  was  small,  and  the  space  between  the  cut-off  and  D  valve  not 
over  one-tenth  the  size  of  the  cylinder.  The  card  marked  B  was 
then  taken  showing  a  cut-off  at  a  little  under  ^  from  the  com- 
mencement of  the  stroke,  and  QS  ii.  p.  with  33  revolutions.     It  is 


flornr- Power  of  Sffmn  Ewjinen  awl  lioiUrt.  li  • 

II  vn  V  lair  <'\|)imMi(*M  <*arU,  llio  iititiul  pronMiiro  h«*'"'  T'^-  •■■•'^'■*\». 
Tlioii^li  not  <|inU!  iN|iml  to  a  CorliuM,  it  would  Ije  Ir  in 

ccoin)niy.  'I'lio  ^uiii  in  power  rcmiltin;^'  from  llio  chati^o  from  full 
Hlroko  to  I  (Mil oH'is  12J  liornc,  or  "  ■  •      ' 

sion  oftluj  .steam.     Hut  a.s  tlnTi*  \n.i 

iliuM  in  tlu*  fornit'i*  trial,  \v<>  li.'ivu  nn  actual  guiii  of  80  {wr  cent,  iii 
ilif  Wi)rlvin;^'  of  ilic  onginc.  Tlic  engine  uxhauHtcd  into  a  fc<Mlwat«r 
lu-ator. 

Now  notice  tlio  diagnun  c.  'i'lii.s  wa.s  taken  with  rnorc  boiler 
power,  W  being  u.sed  instead  of  2,  n.s  in  the  trial  just  <lc«4<.TilM;d.  The 
I'xpansion  curve  here  is  formed  I'ntirely  by  the  higher  sjMred  ".ril... 


etigine  (53  revolutions)  and  the  sraallness  of  the  port.  The  indi- 
cated H.  p.  was  89,  and  that  developed  by  the  Tremper  nut-off, 
marked  D,  was  100  H.  p.  Here  we  have  a  gain  of  12  per  cent,  only, 
due  to  the  cut-off"  and  expansion  thereby  ;  and  a  gain  of  20  per  cent, 
in  the  working  of  the  engine.    12  per  cent,  from  23  per  cent,  leaves 
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11  per  cent,  gain,  due  to  the  wire  drawing  of  the  steam,  as  in  card 
c,  over  that  used  in  the  first  trial,  as  shown  by  card  A. 

This  result  tends  to  prove  that  it  matters  little  in  practice  whether 
the  expansion  curve  is  formed  by  the  wire  drawing  through  the  port 
and  the  speed  of  the  piston,  or  in  the  usual  cut- off  manner  and  low 
speed  ;  and  for  this  reason,  that  the  action  of  the  steam  after  it  passes 
the  port  is  almost  instantaneous  in  comparison  with  the  motion  of 
the  piston.  The  cylinder  was  well  curved,  though  the  steam  pipe 
was  not ;  had  it  been  covered,  and  the  cutoff  valves  close  at  each 
end  of  the  cylinder,  a  little  better  result  would  have  been  obtained. 
The  gain  of  23  per  cent,  here  obtained  corresponds  closely  with  the 
experiments  of  Mr,  Isherwood,  who  gives  26  per  cent,  as  the  gain 
by  suppressing  during  the  last  f  of  the  stroke,  and  using  saturated 
steam.  His  experiments  also  go  to  show  that  about  16  out  of  this 
26  per  cent,  is  gained  by  suppressing  during  the  last  \  of  the  stroke. 

When  we  consider  the  vast  disproportion  between  the  power 
which  should  be  gained  by  cutting  off  at  J  stroke,  theoretically,  and 
that  resulting  from  practice,  we  may  well  doubt,  as  some  engineers 
have  done,  if  there  is  any  gain  in  the  expansion  of  steam  per  se  : 
and  conclude  that  the  gain  is  due  more  to  the  application  of  the 
power  at  the  commencement  of  the  stroke,  and  the  complete  util- 
ization of  it  before  the  termination.  An  experiment  dispelled  this 
supposition.  During  the  dinner  hour,  when  the  engine  was  running 
the  shafting  only,  the  work  being  therefore  constant,  diagrams  ^Yere 
taken  at  a  speed  of  48  revolutions.  Four  were  taken  at  full  stroke, 
marked  E,  and  three  were  taken  at  short  cut-off,  as  shown  at  F ;  the 
average  pressure  of  cards  E  was  16'8  pounds,  and  of  cards  f  16'1: 
pounds,  sufficiently  near  to  be  called  identically  the  same.  The 
experiment  was  carefully  made,  with  the  indicator  just  cleaned  and 
oiled,  and  the  calculated  power  was  38  h.  p.  In  theory,  a  pressure 
of  50  pounds  through  any  part  of  the  stroke  would  be  as  effectual 
as  the  same  pressure  through  any  other  part  of  the  stroke,  taking 
no  account  of  momentum.  If  we  take  this  into  consideration,  the 
natural  conclusion  would  be  that  a  preponderating  power  at  the 
commencement  of  the  stroke,  or,  in  other  words,  the  proper  appli- 
cation of  the  power  at  the  right  time,  would  be  more  effectual  than 
an  even  power  continued  at  the  end  of  the  stroke.  Consequenth', 
the  cutoff  cards  should  be  smaller,  but  such  was  not  the  case; 
clearly  showing  that  the  gain  in  power  in  the  previous  trials  was 
due  to  expansion.     Of  course,  the  equality  of  the  two  cards,  E  and 
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1,  only  vrW'iH  to  lliis  |mrti(!iilur  iMi^'inn;  it  i»  quite  fK>i«iti)ilo  that  if 
llm  uxporiinunt  wum  riiailn  nt  IwO  lovoliitiunN  inntcad  or48,  tho  cut- 

ofl'caniH  would  Ih)  i'oitii*!  tli*;  Mintill) -it.     In  u  trial  of  t 
iiidicator  .slioiild  Ik>  ('iiaii;;iMl  to  rarli  cud  of  llin  cy  iiiiiicr.    .  . 
of  it  ill  llio  iTiitrc,  tlitm^di    rr«'(|ii«*ritly  ad«>pl«'d  l'«>r  ronvii 
not  sulVu'iriitly  aciMirato. 

TIm!  l)t<arinL'  tlirsc  lartH  liavr  ii|m»ii  tiir  <[ 
that  wliilst  llic  lioisc  power  of  a  Ijoiler  <ii[  • 

onginu  it  stipplioM,  ^4till  it  is  only  to  a  limited  extent.  'I  liat  a  •' 
port  1)  valve  engine,  in  ;.'ood  order,  ami  enttinj;  olV  at  le.n.s  than  | 
iVom  iho  leriniiiation  of  tlie  stroke,  is  realizing  within  1*2  percent, 
.'I"  I  ho  power.  And  even  granting  that  it  may  be  20  per  cent,  under 
what  is  obtained  in  the  be.sl  (nit<^n*  engines,  a  boiler  should  be  able 
to  give  out  that  anioniit  extra  in  a  trial  of  ten  hours,  with  good  coal 
and  eareful  firing. 

Al'uIii,  purchasers  ofsteam  boilers  look  at  the  question  inapruc- 
tioal  way  ;  thoy  do  not  understand  the  fine  })oint,  a.s  to  how  much 
jH)wer  the  evaporation  of  so  much  water  should  produce  ;  they  want 
the  power  put  tiirouph  their  own  engine,  and  as  three-quarters  of 
all  the  steam  engines  in  use  are  plain  slide  valve,  it  is  but  reason- 
able to  expect  that  every  boiler  sold  for  a  certain  ir.  P.  shall  be  able 
to  put  that  power  through  a  plain  slide  valve  engine,  of  proper  ca- 
pacity, in  good  order,  and  suppressing  steam  more  than  J  of  the 
stroke. 

Let  us  now  consider  the  test  by  the  evaporation  of  water.  A  lOO* 
horse  boiler  may  bo  sold  to  supply  a  oO-horse  engine,  the  other 
50-horso  being  required  for  heating  purjioses  :  or  the  boiler  mav  be 
needed  entirely  for  heating  purposes.  Here  we  must  decide  by  the 
evaporation,  and  if  the  purchaser  has  not  had  the  foresight  to  spe- 
cify the  amount,  what  shall  be  the  test? 

We  take  the  old  no7ninal  ll.  P.,  and  the  evaporation  of  1  cubic 
foot  of  water  is  the  test.  We  come  down  to  the  theoretical  H.  p.,  and 
920  inches  or  33  pounds  is  the  test.  That  is  to  say  :  theoretically', 
if  you  have  a  cylinder  1  square  foot  area  and  1728  feet  high,  and 
evaporate  1  cubic  foot  of  water  within  that  cylinder,  in  an  hour 
and  then  condense  the  steam,  it  will  give  a  force  of  I'SS  H.  p. 

I  find  on  reference  to  Mr.  Isherwood's  experiments,  that  he  ob- 
tained, occasionally,  1  ii.  p.  from  the  evaporation  of  29  pounds  of 
water,  4  pounds  less  than  the  theoretical  amount ;  this  can  only  be 
accomplished  by  expansion.     With  superheated  steam  he  obtained 
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1   H.  P.  from  20  pounds  of  water  and  an  early  cut-oft'.     Modern 
practice  has  done  better  than  this  with  the  compound  engine. 

On  the  other  hand,  the  steam  may  be  overcharged  with  watery 
particles,  and  so  show  a  high  evaporation  with  little  power ;  I  have 
seen  ^^^Ihs,  of  a  cubic  foot  required  to  produce  a  h.  p.  in  a  very  fair 
engine,  cutting  off  at  the  last  quarter.  So  we  see  that  the  range  is 
from  less  than  half  a  cubic  foot  to  -j^ths  of  a  foot ;  the  average  for 
good  engines  being  about  40  pounds.  It  is_  quite  safe  to  assume 
that  the  evaporation  of  1  foot  of  water  is  abundance  for  a  horse- 
power, provided  the  consumption  of  coal  be  taken  into  account  ; 
for  a  small  boiler  with  good  draught,  burning  much  coal,  will  give 
out  as  much  power  as  a  larger  boiler  burning  less  coal.  Therefore, 
the  commercial  value  of  a  steam  boiler,  estimated  by  the  H.  P.,  de- 
pends upon  its  ability  to  evaporate  a  given  amount  of  water  into 
DRY  steam,  on  a  basis  of  a  certain  amount  of  coal,  say,  about  8 
pounds.  The  conclusion  arrived  at  in  reference  to  this  subject 
would  be,  that  neither  the  test  by  the  engine  nor  by  evaporation  is 
a  positive  test.  By  the  engine  test,  the  eflQciency  of  the  engine  is 
always  liable  to  be  called  in  question.  The  steam  pipe  may  be 
long  and  contracted,  and  the  pipe  and  cylinder  uncovered,  and  a 
large  back  pressure,  for  which  allowance  must  be  made.  The 
boiler  may  also  be  forced  for  a  trial  of  ten  hours,  and  more  coal 
burnt  than  usual. 

And  by  the  evaporation  test  it  will  be  found  that  some  boilers 
are  notorious  for  lifting  water ;  that  is,  carrying  it  over  bodily. 
Exceptional  cases  will  always  occur  in  which  either  test  is  unsatis- 
factory ;  then  the  only  way  is  to  combine  the  two  methods. 

It  is  desirable  that  the  Franklin  Institute  should  establish  some 
standard  generally  acceptable  among  engine  builders,  so  that  the 
mill  owner,  in  the  purchase  of  a  boiler  of  a  certain  H.  p.,  may  ex- 
pect a  definite  quantity. 

Until  such  is  established,  it  will  be  for  the  interest  of  makers  and 
purchasers  of  steam  power  to  specify  the  test  by  which  the  power 
is  to  be  measured. 


TUjhmiln'      /'rnresS  0/  CutUnj  Hard  Suh.tnnre,.  lOrj 

ON  IILGHMAN'S  PROCESS  OF  CUTTING  HARD  SUBSTANCFS. 

Ily  Col.KMAN  Hkij.km. 

How  to  cut  or  c;irvt',  mrcliunically,  lianl  HubMlanccn,  iiuch  a.^ 
stoiio,  glasH  or  liard  nietals,  in  an  cxpuditioufl,  accurate  and  econo- 
mical manner,  has  always  engaged  the  attention  of  cnginccrM.  At 
the  present  tinie,  tlie  rapidly  increasing  cost  of  manual  labor  makes 
improvements  in  this  direction  more  needful.  The  diMCovcry  and 
utilization  of  opa([uc  crystallized  carbon,  cheaper  than  tranHparent 
diamonds,  but  perhai)s  cipially  durable,  lias  gone  far  in  this  direc- 
tion. Now,  Mr.  B.  C  Tilghman,  of  l'hiladel[)hia,  comes  forward, 
and  shows  that  a  jet  of  quartz  sand  thrown  against  a  block  of  solid 
corundum  ■will  bore  a  hole  through  it  H  inches  in  diameter,  IJ 
deep,  in  25  miuute.>J,  and  this  with  a  velocity  obtainable,  by  the  use 
of  steam  as  the  propelling  power,  at  a  pressure  of  300  pounds  per 
si^uare  inch — a  remarkable  result,  when  we  consider  that  corundum 
is  next  to  and  but  little  inferior  to  the  diamond  in  hardness. 

At  the  stated  meeting  of  the  Franklin  Institute,  lield  February 
15th,  1871,  the  Resident  Secretary,  Dr.  W.  II.  Wahl,  introduced  thia 
invention,  illustrating  his  description  of  it  by  practically  cutting 
or  depolishing  the  surfiice  of  a  plate  of  glass  by  a  sand  blast 
of  ver^''  moderate  intensity.  Various  examples  of  hard  substances 
cut,  depolished  and  carved  into  shape,  were  displayed.  In  the  dis- 
cussion which  followed  the  presentation  of  this  very  remarkable 
discovery,  Mr.  Robert  Briggs,  in  his  interesting  remarks  on  the 
subject,  took  occasion  to  say  that  it  had  been  long  remarked  that 
window  glass,  exposed  to  the  wind  driven  sand,  near  the  sea  shore, 
soon  loses  its  polish,  and  cited  some  other  well  known  examples  of 
the  erosion  of  surface  when  exposed  to  a  continued  stream  of 
moving  particles.  When  we  think  of  the  many  such  examples,  and 
consider  that  engineers  have  had  continually  to  make  provision 
against  this  well  known  cutting  effect,  it  seems  surprising  that  it 
should  not  have  been  turned  to  some  good  account  before  this. 

Mr.  Tilghman's  attention  seems  first  to  have  been  directed  towards 
cutting  stone,  or  bard  metal,  by  a  jet  of  sand  impelled  by  escaping 
steam  under  high  pressure.  His  early  experiments  were,  I  believe, 
with  very  high  pressure,  but  as  he  progressed  in  the  knowledge  of 
results  obtainable  with  various  velocities,  a  great  use  for  thi3  pro- 
cess seemed  to  develop  itself  in  sand  driven  by  moderate  air  blasts, 
YoL.  LXI.— Third  Series.— No.  3.— March,  1871.  25 
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and  applied  to  grinding  or  depolishing  glass  for  ornamental  pur- 
poses. 

For  grinding  glass  he  uses  a  common  rotary  fan,  30  inches  in 
diameter,  making  about  1500  revolutions  per  minute,  which  gives 
a  blast  of  air  of  the  pressure  of  about  4  inches  of  water,  through  a 
vertical  tube,  2  feet  high  bj  60  inches  long,  and  1  inch  wide. 

Into  the  top  of  this  tube  the  sand  is  fed,  and  falling  into  the  air 
current  and  acquiring  velocity  from  it,  is  dashed  down  against  the 
sheets  of  glass,  which  are  slowly  moved  across,  about  1  inch  below 
the  end  of  the  tube.  About  10  or  15  seconds  exposure  to  the  sand 
blast  is  sufiicient  to  completely  grind  or  depolish  the  surface  of  or- 
dinary glass ;  so  that  sheets  of  it  carried  on  endless  belts  may 
be  passed  under  this  1-inch  wide  sand  shower  at  the  rate  of  5  inches 
forward  movement  per  minute.  In  the  machine  in  use  for  this 
purpose  the  spent  sand  is  reconveyed  to  the  upper  hopper  by  ele- 
vators, and  the  dust  made  by  the  sand  blast  (which  might  otherwise 
be  a  source  of  annoyance  to  the  workmen)  is  drawn  back  into  the 
fan,  and  thence  passes  with  the  wind  into  the  blast  ton,  and  again 
mingles  with  the  shower  of  sand  upon  the  glass. 

By  covering  parts  of  the  glass  surface  by  a  stencil  or  pattern  of 
any  tough  or  elastic  material,  such  as  paper,  lace,  caoutchouc,  or  oil 
paint,  designs  of  any  kind  may  be  engraved. 

There  is  a  kind  of  colored  glass  made  by  having  a  thin  stratum 
of  colored  glass  melted  or  "flashed"  on  one  side  of  an  ordinary  sheet 
of  clear  glass.  If  a  stencil  of  sufficient  toughness  is  placed  on  the 
colored  side,  and  exposed  to  the  sand  blast,  the  pattern  can  be  cut 
throuiih  the  colored  stratum  in  from  about  4  to  20  minutes,  ac- 
cording  to  its  thickness. 

The  theoretical  velocity  of  a  current  of  air  of  the  pressure  of  4 
inches  of  water,  he  calculates,  is  (neglecting  friction)  about  135  feet 
per  second ;  the  actual  velocity  of  the  sand  is  doubtless  much  less. 

If  a  current  of  air  of  less  velocity  is  used,  say  about  1  inch  of 
water,  very  delicate  materials,  such  as  the  green  leaves  of  the  fern, 
will  resist  a  stream  of  fine  sand  long  enough  to  allow  their  outlines 
to  be  engraved  on  glass.  By  graduating  the  time  of  exposure  with 
sufficient  nicety,  so  as  to  allow  the  thin  parts  of  the  leaves  to  be 
partly  cut  through  by  the  sand,  while  the  thicker  central  ribs  and 
their  branches  still  resist,  the  effect  of  a  shaded  engraving  may  be 
produced. 

The  grinding  of  such  a  hard  substance  as  glass  bj'  an  agent  which 


THijIiman'a  Process  of  Cullinj  Hard  Subitances.  106 

15  ro^i.sli'tl  l>y  i^ncli  a  IVngilo  mntorini  "•'  v  ■•• ■  '  •  •<'  - -  "•'flrjit 

rallier  siiij^ular.     Tlio   pr<jl)al)lo  t'X|  .in  of 

sand  witicli  ntrikivH  with  its  tilinrp  niigic  on  llio  giuHN  pulven/>efl  an 
iiiriiiiti.*.siinal  |)(>rtit)ii  \vliii;li  in  blown  <     .       i    i    ^i^^  grains 

wliicli  .sliilvo  till!  loaf  rclioiunl  from  i: 

'i  lie  liltii  of  IticlirotiiatizcMl  gelatin,  iiHcd  an  n  pliotogrnphio  nega* 
livo,  may  I'u  sulVn-ii  iilly  lliick  lo  allow  a  picture  to  be  engraved  on 
glass  by  lino  saml,  driven  by  a  genllo  blast  of  air. 

For  culling  stono  the  invcnlcjr  uses  Ftcam  as  the  impelling  jet; 
tlie  liigher  tho  pressure,  the  greater  is  the  velocity  imparled  lo  the 
snnd,  anil  the  more  rapid  ils  culling  ed'ect. 

In  using  sleam  of  about  100  pounds  pressure,  the  snnd  is  intro- 
duced by  a  central  iron  tulie,  about  ,'oinch  bore,  while  the  steam 
is  made  to  issue  from  an  annular  passage  surrounding'  the  sand  tube. 

A  certain  amount  of  suction  of  air  is  thus  pr<}duccd,  which  draws 
the  sand  liirou-:!!  ihe  sand  lube  into  tlie  steam  jet,  and  both  ore 
then  driven  together  through  a  tube  about  G  inches  long,  in  whicli 
the  steam  imparts  ils  velocity  to  the  sand,  and  finally  strike  on  the 
stone,  whicli  is  held  about  an  inch  distant  from  the  end  of  tube. 

At  the  spot  struck  a  rc<i  light  is  visible,  as  if  the  stone  was  red 
hot,  though  really  it  is  below  212°  Fah.  The  light  is  probably 
caused  by  the  breaking  up  of  the  crystals  of  the  sand  and  stone. 

The  cutting  effect  is  greatest  when  free  escape  is  allowed  for  the 
spent  sand  and  stenm.  In  making  a  hole  of  diameter  but  slightly 
greater  than  that  of  the  steam  jet,  the  rebounding  steam  and  sand 
greatly  interfere  with  and  lessen  the  efficiency  of  the  jet. 

Under  favorable  conditions,  using  steam  which  he  estimated  as 
equal  to  about  H  horse-power,  at  a  pressure  of  about  125  pounds, 
the  cutting  effect  per  minute  was  about  H  cubic  inches  of  granite, 
or  3  cubic  inches  of  marble,  or  10  cubic  inches  of  soft  brown  sand 
stone. 

By  means  of  flexible  or  jointed  connecting  tubes,  the  blast  pipe 
is  made  movable  in  any  direction  ;  grooves  and  mouldings  of  almost 
any  shape  can  thus  be  made,  or  by  means  of  stencil  plates,  letters  or 
ornaments  can  be  cut  either  in  reliefer  intaglio,  with  great  rapidity 
in  the  hardest  stone. 

At  a  high  velocity,  quartz  sand  will  cut  substances  much  harder 
than  itself,  as  before  stated.  With  a  steam  jet  of  300  pounds  pres- 
sure, a  hole  1^  inches  in  diameter  was  cut  through  a  piece  of  co- 
rundum^ IJ  inch  thick,  in  25  minutes. 
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A  hole  1  inch  long  and  \  inch  wide  was  cut  through  a  hard 
steel  file  \  inch  thick,  in  10  minutes,  with  a  jet  of  100  pounds 
steam. 

A  stream  of  small  lead  shot,  driven  by  50  pounds  steam,  wore  a 
small  hole  in  a  piece  of  hard  quartz  ;  the  shot  were  found  to  be  only 
very  slightly  flattened  by  the  blow,  showing  their  velocity  to  have 
been  moderate. 

Among  the  curious  examples  of  glass  cut  by  this  sand  blast  was 
shown  a  piece  of  ordinary  window  glass,  which,  having  been  par- 
tially protected  by  a  covering  of  wire  gauze,  had  been  cut  entirely 
through,  thus  producing  a  glass  sieve,  with  openings  of  about  y^gth 
of  an  inch,  the  intervening  glass  meshes  being  only  -j'gth  of  an  inch 
wide.  This  seems  to  have  been  produced  more  as  a  curiosity  than 
for  any  practical  purpose.  Should  such  a  sheet  of  perforated  glass 
be  required,  it  is  questionable  if  it  could  be  produced  for  a  solid 
sheet  by  any  other  method. 

A  microscopic  examination  of  the  sheet  glass  depolished  by  this 
process  shows  a  succession  of  pits  formed  by  the  blows  of  the  im- 
pinging grains  of  sand,  and  looks  more  uniform  than  do  surfaces 
ground  by  any  rubbing  process. 

This  steam  sand  jet  has  already  been  introduced  to  clean  cast  iron 
hollow  ware  previous  to  tinning  the  interior.  Heretofore  the  inte- 
rior surface  has  been  turned,  it  having  been  found  necessary  to  re- 
move a  thin  shaving  in  a  lathe  to  obtain  a  clean  surface.  The  sur- 
face is  cleaned  more  rapidly  by  the  sand  blast,  and  even  more  per- 
fectly, because  it  penetrates  into  any  holes  or  depressions  which  the 
turning  tool  could  not  reach.  It  is  also  probable  that  the  sand 
striking  the  particles  of  plumbago,  which  separate  the  particles  of 
metallic  iron  in  ordinary  gray  cast  iron,  will  remove  them,  and  thus 
expose  a  continuous  metallic  surface  to  take  the  tin. 

In  this  relation  I  might  note,  that  about  twenty-five  years  ago, 
some  experiments  were  made  in  Cincinnati,  at  the  establishment  of 
Mr.  Miles  Greenwood,  by  my  brother,  Mr.  George  Escol  Sellers, 
with  a  view  to  making  tinned  hollow  ware  of  ordinary  gray  iron. 
He  made  a  machine  for  scouring  the  inside  of  the  pots  and  kettles 
with  sand  and  water ;  afterwards  the  still  wet,  scoured  surfaces 
passed  into  the  chloride  of  zinc  solution,  and  thence  into  the  molten 
metal,  and  were  uniformly  turned.  For  some  reason,  the  process 
was  not  continued,  and  now  it  is  only  recorded  as  an  abandoned  in- 
vention, never  before  made  public*     The  wet  sand  grinding  could 
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not,  in  this  cas*',  liiivo  been  ho  (.'(I'lcifMil  iih  Mr.Til^^lirnan'iKatnl  bliiAt. 
'I'o  H|)0(MiIato  on  tlio  various  uses  to  \vlii<'h  this  prociiMS  u\i\y  l>c  ap- 
|)Iio(l,  would  not  servo  any  good  <!n<l,  und  would  take  up  loo  much 
space.  With  this  dis(;overy  wo  can  hardly  help  recurring  to  the 
works  of  the  ancMcnts,  and  wornhiring  if  sorno  such  proccwi  could 
have  aided  the  worl<<'is  in  the  stone  age,  or  could  have  been  used  in 
carving  the  Egyptian  hycroglyphi(;s.  It  has  been  noted  by  those 
faiuiliar  with  the  cutting  or  dressing  of  stone,  that  some  materials, 
such  as  granite,  is  very  much  injured,  or  "  stunned,"  by  the  blows 
of  tho  cutting  tool,  and  after  being  hand  dressed  a  thickness  of  per- 
haps from  j^th  incli  to  \i\\  inch  lins  to  be  ground  away,  to  produce 
a  solid  uniform  surface.  By  this  sand  cutting  process  the  surface 
is  not  injured,  is  not  "  stunned,"  and  is  ready  for  polisliing  at  once. 
One  curious  fact  connected  with  its  u.se  is,  that  when  a  surface  to 
be  out  in  intaglio  or  otherwise  is  partially  protected  by  template."? 
of  metal,  these  templates  curl  up  under  the  blows  of  the  sand,  .so 
that  paper  patterns  are  really  more  durable  than  patterns  cut  from 
brass.  Sheet  steel,  cut  into  shape  and  then  hardened,  will  also  curl 
up  under  the  blows  of  the  fine  particles  of  sand,  unless  protected  by 
sheets  of  yielding  material.  Fine  lace  will  protect  glass  during  the 
depolishing  process,  and  leave  its  designs  in  polished  lines  on  a 
ground  surface. 


Artificial  Production  of  Indigo. — In  former  numbers  of  this 
Journal  we  recorded  a  triumphant  achievement  for  organic  chem- 
istry, in  the  manufacture  of  alizarine,  the  coloring  principle  of  the 
madder  root ;  to  this  we  may  now  add  another,  no  less  in  import- 
ance than  the  artificial  production  of  the  Indigo  blue.  The  glimpse 
we  are  permitted  at  the  dormant  possibilities  of  this  marvellously 
active  science,  by  the  two  brilliant  discoveries  so  recently  made, 
and  here  referred  to,  is  perplexing  in  its  infinite  variety.  In  a  com- 
mercial sense,  the  discovery  is  as  yet  valueless,  no  time  having 
elapsed  for  its  development  with  this  object  in  view ;  but  it  is  too 
manifestly  a  mere  question  of  time  to  need  remark.  This  important 
discovery  is  the  fruit  of  the  labors  of  two  German  chemists,  Messrs. 
Emmerling  and  Engler.  The  process  of  manufacture  is  a  highly 
complicated  one,  and  altogether  of  too  technical  a  nature  to  be  here 
reproduced.  The  announcement,  however,  of  the  fact  cannot  fail 
to  awake  the  liveliest  interest. 
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THE  SUN. 

(A  course  of  five  lectures  before  tbePeabody  Institute  of  Baltimore,  January,  1870.) 

Bt  B.  a.  Gould. 
(■Continued  from  page  137.) 

The  granules  are  of  various  sizes,  but  maj^,  on  the  average,  be 
roughly  taken  as  about  1|"  in  length  and  1"  in  breadth,  correspond- 
ing to  about  675  by  450  miles.  As  seen  with  a  magnifying  power  of 
100  diameters,  they  may  fairly  be  compared  to  rice  grains,  but 
under  higher  powers  their  regularity  of  form  mostly  disappears. 
Some  are  nearly  round,  others  oval,  and  others  still  almost  without 
symmetry  of  outline.  On  many  parts  of  the  sun  they  areseparated 
by  small  dark  intervals;  except  in  the  penumbra  of  spots  they  are 
rarely  superposd  ;  but  in  many  places  they  are  closely  aggregated, 
and  give  the  effect  of  bright  tesselation.  These  groups  of  aggre- 
gated granules  are  often  round  or  oval,  and  have  unquestionably 
-been  often  mistaken  for  single  ones.  The  coarser  mottling  of  the 
golardisk  arises  chiefly  from  the  alternation  of  lines  or  groups  of 
closely  aggregated  granules,  and  of  regions  in  which  they  are  less 
abundant.  The  points  are  the  interstices  between  them,  as  they 
appear  through  a  telescope  of  insufficient  power.  In  a  faculje  the 
granules  are  aggregated  very  compactly,  while  in  the  penumbra  of 
a  spot  they  are  smaller  and  fainter,  although  superposed  sometimes 
quite  thickly  one  upon  another.  Mr.  Iluggins  sums  upmost  ad- 
mirably, by  saying:  "The  phenomenon  would  be  well  represented 
if  we  might  suppose  that  thegranules  are  recently  condensed  incan- 
descent clouds;  that  they  slowly  sink,  merge  into  each  other,  be- 
come less  and  less  luminous,  and  gradually  dissipate  into  compara- 
tively non-luminous  gas.  The  dark  pores  would  then  be  repre- 
sented by  the  portions  where  complete  vaporization  had  taken 
place."  lie  also  gives  an  interesting  diagram,  which  is  here  repro- 
duced, to  show  the  distribution  of  the-  bright  granules  on  those 
parts  of  the  sun  which  are  free  from  spots,  in  some  of  the  most 
characteristic  forms  of  their  grouping.  There  is  also  some  reason 
to  suspect  that  all  the  granules  maj''  not  be  of  the  same  brilliancy, 
although  those  in  any  one  group  closely  resemble  each  other. 


77(«  Sun.  lliO 

'I'liiis  it  Hcoins  ('•(.;il>li,sli<M|  ili;it  tlic   luinin  "        ■  '^    '        nn 

is  onliroly  composed  of  lluvso  glowiii;^  panic!'  ,  'i^l 

as  small  as  wr  can  discern — notwithslaruling  that  ihoy  can  scarcely 
1)(' less  than  7<>()  milcsiu  Iciiglh — floatiii^in  0 sea  of  darkcT,  though 

Fig.  7. 


luminous  matter.  The  brighter  and  the  darker  mottlings  of  the 
ordinary'-  surf\\ce,  the  brilliant  glow  of  the  faculaj,  and  the  dimmed 
lustre  of  the  penumbra  must  alike  be  referred  to  the  intrinsic  splen- 
dor of  individual  granules,  distributed  in  different  wa^'s,  arranged 
more  or  less  compactly  and  at  different  degrees  of  submergence  in 
the  fluid  medium"-\vhich  supports  them.  And  Lockyer.  a  young  En- 
glish astronomer,  who  has  done  much  within  the  last  three  or  four 
years  to  advance  our  knowledge  of  the  constitution  of  the  sun,  says* 
that  he  has  seen  the  granules  in  the  penumbra  cliange  their  axial 
direction,  and  others,  visible  against  the  nucleus  as  a  background, 
gradually  melt  away.  Chacornac,  a  French  observer  of  distinction, 
says,  moreover,  that  the  granules,  or  crystals,  as  he  calls  them,  may 
be  seen  dissolving  like  crystals  of  sugar  before  a  jet  of  steam  ;  be- 

*  Monihiv  Xofices  R.  Asir.  Soc.  XXV,  237. 
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coming  spotted  over  witli  dark  points  before  ttey  finally  disappear. 

We  have  thus  arrived  at  the  present  condition  of  our  knowledge 
regarding  the  structure  of  the  incandescent  outer  surface  of  the  sun, 
a  matter  of  the  greatest  moment  for  the  formation  of  any  trustworthy 
opinions  regarding  the  real  nature  of  the  spots  or  faculse.  We 
must  now  return  to  the  spots,  and  consider  the  knowledge  thus  far 
obtained  concerning  their  motions,  real  or  apparent. 

The  apparent  time  of  the  sun's  rotation,  as  indicated  by  the  motion 
of  the  spots,  was  determined  with  very  tolerable  accuracy  by  the 
early  observers,  and  Scheiner,  in  1626,  deduced  the  position  of  the 
axis  with  close  approximation  to  the  truth.  Were  it  certain  that 
the  spots  were  fixed  immovably  upon  the  sun,  the  time  of  their 
revolution  would  clearly  be  the  same  as  that  of  the  sun's  rotation  ; 
but  this  assumption,  which  was  never  justifiable,  is  now  known  to 
be  incorrect.  Then,  there  is  another  matter  to  be  borne  in  mind, 
viz.,  that  the  apparent  line  of  rotation  is  not  the  real  one  ;  for,  since 
the  earth  is  moving  round  the  sun  in  the  same  direction  in  which 
he  is  turning  on  his  axis,  a  longer  period  than  the  true  time  of 
rotation  must  elapse  before  the  rotation  would  appear  complete  to 
an  observer  on  the  earth.  For  example,  if  a  point  on  the  sun  ap- 
peared to  rotate  in  28  days,  or  about  the  thirteenth  part  of  a  year, 
the  earth,  our  own  place  of  observation,  would,  during  that  time, 
have  moved  through  the  thirteenth  part  of  her  annual  orbit,  so  that 
these  28  days  would  exceed  the  true  time  by  its  thirteenth  part, 
and  this  true  time  would  be  only  about  26  days.  This  last  source 
of  error  is  easily  allowed  for,  but  in  the  former  case  it  is  not  so. 
For,  if  the  spots  are  not  stationary  upon  the  sun's  surface,  we  have 
absolutely  no  visible  fixed  point  of  reference,  and  are  left  without 
landmarks.  In  fact,  such  is  really  the  case,  and  our  only  means  of 
measuring  the  period  of  rotation  gives,  not  that  of  the  sun,  but  that 
of  some  spot  which  is  not  fixed.  Langier  discovered,*  in  1846, 
what  abundant  observation  since  then  has  confirmed,  that  the  pe- 
riods deduced  from  different  spots  are  not  accordant,  although  the 
range  of  their  variation  is  comparatively  small.  The  most  natural 
course,  under  the  circumstances,  is  to  deduce  the  period  of  rotation 
from  as  many  spots  as  possible,  and  to  assume  that  their  average 
represents  that  of  the  sun  ;  yet  it  might  well  be  that  all  of  them 
have  a  motion  parallel  to  the  sun's  equator,  and  in  the  same  direc- 
tion, in  which  case  we  should  be  measuring  not  the  period  of  rota- 
*  Compies  Rendus  de  VAcad.  des  Sciences,  1842,  IT,  940. 
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lion,  but  ilml  <»rii  rotation  iricro«H<»«l  or  (Jiiniiiinlicd  \ty  tl; "«• 

moiioii  ol'ilio  spots  iiiranwiiilt!.     Tliis  in,  lio\vov<tr,  i\w  \y  <• 

ciiii  do,  and  ull  our  results  an;  sulijnrt  to  this  (Miticisin,  W  > 
reason  to  Ixdicvo  that  thuro  is  in  fact  little,  if  any  error  fro-, 
source,  still  tlu)  <|uestioii  ns  to  i  urrents  at  the  huh'  thuM 

acquires  a  doulde  iiiij)ortanc(;.  Carriiigtou,  of  Loi —  ..:volfd 
sovon  and  a  hall"  years,  IVoin  l8o.*J  to  l8til,  to  daily  ohservalion  of 
the  position  <jI'  solar  spots,  lie  tlius  (;o!Ieel(.'d  ^»'1W)  distinct  ob- 
siM"vatioiis,  from  which  it  hcM-anic  clearly  inardrcst  that  the  lirne  of 
r«)tation  of  any  sj)ot  depends  upon  its  latitude  upon  tin.'  sun.*  lie 
deduced  ti  Ibrtnulu  to  express  the  relation,  and  iliis,  after  correction 
by  Kayo,  proves  to  be  a  very  simple  one.f  It  represents  the  va- 
rious observations  within  the  limits  of  their  |)robable  errors,  and, 
taken  in  connection  witii  the  small  nioti«jn  of  the  spots  in  latitude, 
discloses  the  additional  fact  that  any  solar  currents  which  cxi.st 
must  bo  far  I'rom  powerful ;  at  the  .same  time  it  raises  new  and  inte- 
resting questions  as  to  the  agencies  wldch  can  result  in  so  singular  a 
law.  The  resultant  time  for  the  true  rotation  is  25- 1'.'  day.s  for  a  point 
at  the  sun's  equator,  but  27'2.j  days  for  a  spot  at  40^  of  latitude. 
This  interesting  discovery  reconciles  the  perplexing  and  a[jpa- 
rently  conllicting  observations  of  various  astronomers,  by  which  the 
same  spot,  when  visible  through  several  successive  rotations,  has 
appeared  to  indicate  a  different  period  at  each  rotation  ;  for  it  is 
thus  manifest  how  the  phenomenon  can  result  from  a  slight  increase 
of  distance  from  the  sun's  equator,  such  as  would  be  produced 
by  the  moderate  currents  which  probably  set  toward  the  poles 
at  a  rate  not  exceeding  twenty-five  miles  an  hour.  These  currents 
cannot  be  uniform,  or  very  regular;  indeed,  they  may  to  some 
extent  be  produced  by  means  of  the  spots  themselves,  and  our 
knowledge  regarding  them  is  very  limited.  It  has  ever  been  main- 
tained:}: that  their  general  tendency  is  toward  and  not  from  the 
equator,  a  view  to  which  observation  seems  to  lend  but  little  sup- 
port, II  but  the  possibility  of  which  illustrates  the  comparatively 
small  amount  of  motion  which  really  exists,  as  well  as  the  indefi- 
niteness  of  our  knowledge.  A  tendency  in  neighboring  spots  to 
approach  each  other,  as  bubbles  do  upon  a  liquid  surface,  ha? 
sometimes  been  observed,  but  more  frequently  a  mutual  repulsion  : 
as  also  a  repulsive  action  of  a  spot  while  in  the  act  of  breaking  out, 
and  the  motions  thus  arising  interfere,  of  course,  with  our  measures 
of  the  velocity  of  rotation. 

(To  be  continued.  . 

^'  Observations  oj  Solar  Spois,  &c.,  p.  224. 
t  Comptes  Rendus,  LIX,  481  ;  LX,  142  ;  LXVIII,  197. 
$  Proc.  Amer.  Assoc.  Adv.  Science,  1855,  p.  88. 
WCarriiijton,  Obser-vations,  etc.,   pp   220,  222. 
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EVOLUTION,  AS  AFFECTING  THE  EARTH'S  CRUST. 

[A  Lecture  deliveredat  the  Pranklin  Institute,  December  8th,  1870.] 

By  Prof.  Leeds. 

(Concluded  from  page  133.) 

At  last  that  great  clay  came  when  the  particles  of  oxygen  and 
hydrogen  had  so  far  decreased  in  temperature,  that  is  to  say,  com- 
menced to  move  in  such  restricted  spheres,  that  it  was  possible  for 
them  to  link  their  divided  existences  into  one.  AVith  that  act  of 
union,  water — water,  the  physical  life-blood  of  the  world,  came  into 
being.  Water  is  to  our  earth  what  blood  is  to  the  life  of  mau, 
what  sap  is  to  the  life  of  plants.  Indeed,  water  is  blood  and  sap, 
for  they  both  consist  almost  entirely  of  water,  to  which  are  added 
those  distinctive  elements  that  give  to  blood  and  sap  their  distinc- 
tive character.  It  has  been  said,  and  with  truth,  that  a  man  is  com- 
posed of  a  handful  of  dust,  spread  through  six  pailsful  of  water. 
All  vegetables  and  animals  are  composed  of  water,  together  with 
some  charcoal  and  nitrogen.  A  great  number  of  the  eight  hundred 
species  of  minerals  now  known  to  exist  arc  hydrates^  that  is,  consist 
of  from  one  to  forty  parts  water,  along  with  other  ingredients.  The 
tiny  particles  of  water,  like  fairy  ships,  more  precious  to  the  well 
being  of  mankind  than  Spanish  galleons  heaped  with  gold,  are 
freighted  with  the  heat  poured  down  upon  the  burning  sands  of  the 
Niger  and  Amazon,  and  carry  it  to  the  shores  of  Greenland  and  the 
polar  seas.  Ever  at  work  in  our  atmosphere,  these  particles  of 
water  are  taking  heat  from  this  point,  where  it  might  harm  or  kill, 
and  bearing  it  yonder  to  nourish  and  to  bless.  Water  is  the  great  me- 
diator. It  is  the  medium  by  which  animals  and  plants  discharge 
their  functions ;  by  which  all  parts  of  our  earth,  however  distant, 
act  and  react  one  upon  the  other,  and  by  which  the  physical  life  of 
the  globe,  considered  as  an  organic  whole,  goes  on. 

As  it  is  now,  so  was  it  in  those  pre-historic  times,  before  the  pre- 
sent geologic  day  had  yet  dawned.  Heretofore  we  have  been  re- 
garding the  earth  only  as  a  scene  of  action  of  those  demoniac  pow- 
ers of  fire  and  flame  such  as  the  poets  fabled  Pluto  to  have  reigned 
over  in  the  abyss  of  Hades.  Hence  termed  Plutonic  forces.  But 
now  this  blessed  mediator  makes  his  appearance,  and  the  life  of  the 
world  forever  emerges  from  the  dreary  realms  of  Night  and  Chaos, 
and  dwells  under  the  cheerful  eye  of  Heaven.  Then,  for  ages  so 
numerous  that  our  arithmetic  fails  to  count  them  and  our  minds  to 
apprehend;  a  fierce  conflict  went  on  between  the  fiery  or  Plutonic 
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and  llioaqu(!f)ii.s  or  Nci)Liiiii<:  agciicicH.  At  firstdid  water  fare  liadly 
in  tlu!  ooiiflict.  ill  vain  (li<l  tlio  aquoouH  particles,  at  first  di(TuKe<l 
l.lirDti^liout  tiio  atiiiospluTC!  in  tin;  (orni  of  vapor,  inar.shal  them- 
selves into  orderly  array,  and  rain  d(»\vn  uj)on  tlio  enemy.  Met  by 
the  molten  surfaeo  of  the  earili,  tliey  were  rejtulsed  a  myriad  of 
times  and  driven  back  in  ront  and  eonfusion.  IJnt  their  fiery 
enemy  was  ever  growint^  wc-aker,  until  at  last  he  was  no  lonp^er 
able  to  withstand  their  repeated  onslaughts,  and  the  water  selthyl 
down  upon  llic  cooled  and  hardened  crust  of  the  earth,  forming  an 
envelo{)0  of  nearly  uniform  depth  al)oat  it. 

IJut,  as  yet,,  the  shell  or  pellicle  (at  first  no  thicker  in  proportion 
to  the  bulk  of  the  earth  than  its  filmy  envelope  to  the  soap  Vjubble) 
was  plastic  and  yielding  in  a  very  high  deforce.  It  obeyed  the 
same  laws  which  affected  the  water  above  it  and  the  fluid  rock  be- 
neath. It  rose  and  fell  as  every  onward  revolution  of  the  earth 
brought  successive  portions  beneath  the  moon.  It  felt  the  drawing 
of  the  Sun,  and  Jupiter,  and  other  planets,  and  was  thrown,  as  the 
seals  thrown,  into  conflicting  perturbations  by  their  varying  influ- 
ences. It  rose  and  fell  upon  the  tide  like  some  mass  of  tangled 
sea-weed  upon  the  face  of  ocean.  And  if  anywhere  it  hardened  be- 
yond the  possibility  of  yielding,  it  either  cracked,  and  the  basalt 
flowed  from  beneath  to  repair  the  breach  thus  made,  or  it  stood 
firm  until  some  tide  higher  than  all  preceding  raised  the  crust  into 
a  fold  or  mountain  range. 

There  were  two  distinct  classes  of  phenomena  which  attended  the 
cooling  of  the  globe.  In  the  first  place,  a  cooling  of  the  entire 
mass,  which  would  diminish  the  earth's  diameter,  causing  it  to 
shrink  away  from  the  hardened  crust  and  leave  an  open  space  be- 
tween core  and  shell.  Secondly,  a  contraction  of  the  crust  itself, 
which  would  cause  it  to  break  into  pieces  and  fall  down  into  the 
molten  mass  below,  floating  there  like  so  many  islands  in  the  sea. 
If  these  two  contractions  went  on  at  the  same  rate,  the  surface  of 
the  globe  would  have  assumed  the  form  impressed  upon  it  by  the 
balance  of  its  gravitating  and  centrifugal  forces ;  it  would  have  be- 
come a  regular  ellipsoid,  its  crust  shrinking  regularly  down  with 
its  fluid  centre,  like  a  distended  India  rubber  balloon  upon  a  con- 
tracting ball  within.  But  nature  presents  us  with  a  very  different 
state  of  affairs.  There  is  one  gigantic  series  of  mountains  upon  the 
earth's  surface,  and  we  put  them  altogether  under  one  name,  and 
call  them  dry  land,  and  an  equally  great  series  of  vallevs,  Avhere  is 
ocean.     As  remains  of  temDles  upon  the  shores  of  the  Mediter- 
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ranean,  now  standing  high  above  the  blue  waters,  show  by  their 
worm-eaten  sides  that  at  one  time  thej  were  sunk  beneath  the  sur- 
face of  the  sea  and  afterwards  rose  to  their  present  position,  so 
great  beds  of  rock  now  forming  our  hills  and  mountains,  which  are 
pierced  by  marine  animals  and  filled  with  their  shells,  must  once 
have  been  below  sea-level.  It  is  by  such  evidence  that  we  are 
driven  to  the  conclusion  that  the  lands  and  seas  have  undergone 
vicissitudes  almost  numberless  during  the  lapse  of  geological  his- 
tory. A  large  part,  if  not  all  the  present  terra  firma  has  been  be- 
neath the  sea,  and  the  sea  has  been  dry  land.  What  are  now  table 
lands  have  been  meadows,  and  where  are  now  the  highest  moun- 
tains have  once  been  valleys.  These  are  mighty  changes,  and  we 
must  look  to  something  equally  potent  and  vast  if  we  would  arrive 
at  adequate  causes. 

Such  causes  I  find  to  lie  in  the  unequal  degree  of  rapidity  with 
which  the  fluid  nucleus  and  the  hardened  crust  of  the  earth  con- 
tracted. Unequal  for  two  reasons  :  1st.  Because  the  rate  of  cooling 
of  the  surface,  separated  from  the  intensely  cold  abysses  of  space  only 
by  a  canopy  of  convecting  gases  and  vapors,  was  very  rapid — much 
more  rapid  than  the  nucleus  with  its  envelope  of  badly  conducting 
rock.  2d.  Because  the  rate  of  shrinkage  attending  the  cooling  of 
a  rock  in  the  solid,  as  compared  with  the  liquid  condition,  is  much 
slower.  You  all  are  aware  that  we  employ  some  liquid,  such  as 
alcohol,  water  or  mercury,  and  not  a  solid  metal,  in  the  con- 
struction of  thermometers,  for  the  reason  that,  although  the 
latter  would  contract  on  cooling  and  expand  on  heating,  yet  not 
sufficiently  so  to  indicate  slight  changes  of  temperature.  Let  me 
recapitulate.  In  virtue  of  the  more  rapid  radiation  from  the 
surface,  the  crust  would  crowd  down  upon  and  squeeze  the  molten 
mass  within.  In  virtue  of  the  more  rapid  decrease  of  volume  in 
a  liquid,  as  compared  with  the  same  body  in  a  solid  condition, 
the  nucleus  would  contract  away,  and  leave  the  crust  standing 
in  an  arch  above  it.  This  arch,  unable  to  bear  its  own  weight, 
would  fold  in  upon  the  retreating  centre,  and  thus  the  surface  of 
the  earth  would  be  puckered  up  into  mountain  chains  and  valleys. 
If,  in  the  process  of  folding,  the  surface  cracked,  its  fissures  were 
filled  by  trap  and  syenite,  basalt,  serpentine  and  granite,  which 
served  like  mortar  to  bind  the  foundation  stones  of  the  preadamic 
world  together.  If,  on  the  contrary,  the  crust  cooled  more  rapidly 
than  the  nucleus,  and  pinched  the  lavas  within,  it  caused  them  to 
be  projected  through  the  rents  with  volcanic  force. 


Kvohition,  (in  Ajf'ecti'n;/  thu  KarlliH  Crutl.  20.'> 

It,  is  woiMi!  tli.iii  iisolcMM  U)  alt<!iiijit  to  arrive  ut  valuable  con- 
I'-lusiouM  uoncornir)^  tliis  matt<!r  by  h  "iriiphj  procosM  of  roaiiotiing. 
I'litlior  of  lh(;  opcratioiiM  ullmliMl  to  jm  competent  to  pr«i<lij«!<;  all 
(•iiith's  mountain  cliainM  and  (lyk«'M.  'J'lic  fuclH  nccenMary  to  Mcttle 
ilif  (picstion  art!  williin  tlu;  reach  <jf  experiment.  After  an  accurate 
ex pori mental  (lelerminalion  of  iIm;  amount  of  contraction  of  llnj 
i;^Mioous  rocks  when  in  a  soliii  an<l  a  lliiid  condition,  it  would  be 
possible,  by  a  laborious,  though  not  j)articularly  dillicult  calcula- 
tion, to  decide  the  question  with  matliematical  certainty. 

Having  watclied  the  various  stages  through  which  the  earth's 
surface  i)assed,  until  we  have  arrived  at  a  time  when  its  continents 
were  raised  from  the  deep  and  diversified  with  valleys  and  hills,  let 
us  now  turn  our  attention  once  more  to  its  atmosphere,  and  con- 
sider the  alterations  which  it  underwent  during  the  same  interval. 
We  have  already,  as  I  pointed  out  in  an  earlier  j)ortion  of  the  lec- 
ture, arrived  at  a  period  when  the  earth  had  lowered  in  temperature 
to  such  a  point  that  the  water  forming  the  ocean  and  seas  could 
rest  upon  it.  As  the  process  of  cooling  went  on,  the  vapors  were 
juecipitated.  The  air  became  clearer,  and  the  fiercely  rolling 
masses  of  cloud  became  less  vast  and  dense.  Still,  no  light  shone 
u[ion  the  earth  as  yet,  except  what  came  from  some  yawning  crack 
or  awful  gulf  in  the  thin  crust,  where  torrents  of  ancient  lava  came 
out  from  below  and  spread  themselves  upon  the  heaving  surface. 
That  you  may  have  some  idea  of  the  multitude  of  such  eruptions, 
I  would  say  that  the  earth  is  as  full  of  these  vent-holes  as  a  sponge 
is  of  pores,  or  a  piece  of  coral  of  tubes.  The  lurid  flames  illumi- 
nated the  skies,  and,  reflected  from  cloud  to  cloud,  from  cloud  to 
earth,  were  carried  from  the  zenith  to  the  pole,  and  lit  up  our  planet 
like  a  flaming  star.  But  as  the  vapors  grew  thinner,  the  rays  of 
the  sun  penetrated  deeper  and  deeper,  and  finally  shot  down  upon 
the  surface. 

At  first,  nought  but  that  portion  of  the  solar  beam  which  is  in 
visible — its  heating  or  calorific  rays — attained  thus  far.     Then  the 
darker  rays  of  red  made  their  appearance,,and  the  sun  looked  down 
with  blood-shot  eye  upon  the  surface. 

It  is  doubtful  whether,  up  to  this  time,  and  indeed  until  the  light- 
giving  and  chemical  rays  of  the  sun  pierced  the  terrestrial  atmo- 
sphere, and  the  solar  beam  in  all  its  entirety  and  completeness  pen- 
etrated to  the  earth,  any  animals  and  plants  existed. 

We  come  now  to  a  question  of  the  gravest  importance — one, 
indeed,  that  outranks  almost  every  other  in  its  magnitude.     We 


206  Mechanics^  Physics^  and  Chemistry. 

have  been  stiidviag  the  development  of  the  earth's  surface,  and  have 
seen  that  up  to  this  point  in  its  history,  this  development  has  been 
of  the  kind  termed  Evolution,  that  is  to  say,  it  has  been  a  develop- 
ment of  a  later  from  an  earlier  stage,  by  the  action  of  purely  natural 
and  physical  laws,  without  any  break  or  discontinuity,  and  without 
involving  the  necessity  of  an  extraneous  force,  or  the  interposition 
of  a  higher  power.  Now,  the  evolution  which  our  world's  history 
presents  us  with  is  from  a  lower  to  a  higher  stage  of  development — 
from  the  simple  to  the  complex — from  what  is  rudimentary  to  what 
is  perfected.  It  has  been  ever  onward  in  its  movement  and  in  its 
tendency  upward.  I  venture  to  propose  for  it  the  term  Progressive 
Evolution. 

Now,  the  fact  that  all  evolution  which  the  world's  history  exhi- 
bits has  been  progressive  in  its  tendency,  has  been  a  serious  diffi- 
culty to  many.  Why,  they  ask,  if  one  state  is  derived  from  another 
by  the  unassisted  action  of  physical  laws,  should  we  not  find  that 
the  result  of  development  is  sometimes  to  elevate,  but  as  frequently 
to  degrade  ?  As  in  the  history  of  nations  the  operations  of  purely 
moral  causes  has  sometimes  brought  with  it  wealth,  power  and  cul- 
ture, at  other  times  has  caused  great  monarchies  to  lapse  into  bar- 
barism ? 

I  answer  that  such  is  the  case  in  nature.  That  Evolution  is  pre- 
sented to  us  in  two  phases,  or  aspects,  one  of  which  is  progressive 
and  the  other  is  retrogressive.  The  sun,  the  earth,  and  most  prob- 
ably Venus,  Mars  and  Jupiter  are  in  the  progressive  phase  of  evo- 
lution, while  other  planets  are  in  the  retrogressive.  One  of  them, 
the  Moon,  after  passing  through  all  stages  of  progressive  and  retro- 
gressive evolution,  exhibits  the  dead,  inert,  exhausted  condition  to 
which  a  planet  is  reduced  at  the  close  of  the  downward  movement. 
The  accessions  of  force,  including  under  that  term  heat,  light,  elec- 
tricity and  magnetism,  derived  by  the  earth  from  the  magazine 
within  and  from  the  sun  without,  are  of  such  an  amount  at  the  pre- 
sent time  as  to  bring  the  earth  into  a  state  peculiarly  favorable  to 
the  creation  and  maintenance  of  all  the  higher  forms  of  animals  and 
plants.  At  the  beginning,  during  those  stages  of  evolution  to 
which  I  called  your  attention  in  the  earlier  portions  of  the  lecture, 
the  process  of  evolution,  though  progressive,  had  not  yet  advanced 
to  the  point  at  which  animal  and  vegetable  life,  even  of  the  most 
rudimentary  kind,  was  possible.  Then  it  passed  through  long  cen- 
turies of  growth,  through  the  lisping  speech  and  the  feeble  steps  of 
infancv,  when  all  the  form's  of  life  were  of  the  kind  that  naturalists 
term  embryonic,  until  manhood  was  attained.  And  now  we  are 
living  far  along  in  its  prime.  But  the  same  stern  reasoning,  based 
upon  the  unalterable  operation  of  the  physical  forces,  teach  us  the 
melancholy  truth  that  a  time  must  come  when  the  supply  of  heat 
upon  the  earth's  surface  will  fall  below  its  expenditure.  Then  it 
must  pass,  as  the  moon  has  passed,  through  all  stages  of  retro- 
gressive evolution,  down  to  death  and  sheer  oblivion. 
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I  said  above,  ihat  tlio  onliiiary  operation  of  physical  cau«cs  m 
amply  sufricieiit  to  account  lor  all  tlio  cliaiiffo^  wliich  took  plaoo 
upon  tlu!  earth's  stirfiicn,  U|)  to  tlio  liiii<;  of  th<5  :i|)p<'ar;iin;o  ol'  the 
first  f^orm  of  soiiifthiii^  ori^aiii/rtl,  of  scjiru'lhin;^  \vliirlicouI<l  rnov«; 
of  iiseir,  ami  tlitl  not  dcrivo  llit^  al)ility  of  motion  from  Homc  force 
without.  And  if  the  cliemist  in  his  hihoratory  can  produce  every- 
ihinj;  which  is  not  made  np  ofor;/ans,  and  composed  of  cari>on,  ni- 
iro<j;cn  and  tlio  rdonuMits  of  water,  in  otlier  wor<Js,  all  organic  bo<lics, 
Nature,  which  is  the  j^rcatest  of  all  chfMuists,  could  have  done  the 
same.  Whether  nature  could  have  produce<l  the  material  of  which 
animals  and  plants  arc  composed — that  structure  which  make.s  up 
the  walls  of  a  cell,  which  chemists,  looking  from  a  chemical  point 
of  view,  call  Protein,  and  naturalists,  regarding  it  from  a  histological 
staml-point,  term  Protoplasm  —  I  dare  not,  without  more  thought 
and  study  than  I  have  yet  given  to  the  subject,  pronounce  an 
opinion. 

There  is  a  matter,  however,  of  still  greater  importance  than  the 
preceding.  It  deserves  to  be  reckoned  of  infinite  and  eternal  im- 
portance. It  is  the  following  : — granting  that  physical  ff^rccs  could 
liave  originated  cell-structure,  could  thev  ever  have  determined  tiie 
formation  of  a  cell,  or  the  aggregation  of  two  or  more  cells  so  as  to 
form  a  living  organism  ? 

As  yet,  all  the  experiments  that  have  been  tried,  and  all  the  rea- 
soning -which  has  been  brought  forward,  have  failed  to  show  that 
such  an  efl'ect  could  have  resulted  from  material  forces  alone. 


LABORATORY  APPLIANCES. 

By  Prof.  Leeds. 

Kcw  Form  of  Dessicator. — The  dessicator  in  most  common  use, 
as  is  well  known,  cousists  of  a  low  broad  glass  bottle,  the  outside 
of  which  is  fitted  by  a  ground  glass  joint  to  a  glass  cover.  The 
inside  is  partly  filled  with  fused  calcic  chloride,  and  the  platinum 
crucible  is  supported  either  upon  a  glass  tripod  or  upon  a  platinum 
triangle.  It  has  the  objection  that  the  air  in  the  interior  expands  when 
the  hot  crucible  is  introduced,  and  lifting  the  lid  makes  it  escape. 
On  cooling,  a  partial  vacuum  is  sometimes  produced  which  renders 
it  difficult  to  remove  the  lid.  To  obviate  this  difficulty  a  hole  is 
frequently  drilled  in  the  cover.  But  in  doing  so  it  makes  the 
ground  glass  joint  of  little  benefit,  and  the  apparatus  thus  arranged 
is  little  if  an}'  better  than  a  bell-jar  set  upon  a  ground  glass  plate. 

Schrotter's  dessicator  provides  for  the  free  egress  of  air  in  con- 
tact with  the  hot  crucible.     It  consists  of  a  bell  glass  placed  upon 
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a  glass  plate  and  containing  the  crucible.  Through  a  hole  in  a 
cork  fitted  to  the  tubulure  of  the  bell-jar  a  fine  glass  tube  is  passed 
to  allow  an  escape  of  the  heated  air.  This  first  tube  is  inclosed  in 
a  second  tube,  somewhat  wider,  closed  at  its  upper  end,  and  with 
holes  drilled  in  the  lower  end,  through  which  the  air  passes  and 
bubbles  up  through  sulphuric  acid  contained  in  the  bottom  of  a 
third  tube  that  includes  the  other  two.  The  top  of  this  outer  tube 
terminates  in  a  bulb  opening  upward,  which  is  filled  with  calcic 
chloride.  When  a  partial  vacuum  is  produced  in  the  interior,  the 
air  is  made  to  pass  through  the  sulphuric  acid  before  re-entering 
and  thus  dried. 

A  more  compact  and  convenient  dessicator  is  represented  in  the 
woodcut.     It  consists  of  the  base  of  an  alcohol  lamp,  which  is 

ground  into  the  tubulure  of  a  small 
bell-jar.  The  base  is  partly  tilled  with 
sulphuric  acid,  and  has  a  hole  drilled 
in  the  side  near  the  top  to  permit  the 
the  egfress  of  air.  The  bottom  of  the 
bell-jar  is  covered  with  fused  calcic 
chloride  and  the  top  by  a  ground  glass 
plate.  One  of  the  two  disks  which 
are  used  to  exhibit  the  cohesion  be- 
tween polished  glass  surfaces  answers 
nicely.  Through  the  tubulure  a  fun- 
nel with  a  very  large  bulb  is  passed, 
its  end  dipping  somewhat  beneath  the 
surface  of  sulphuric  acid.  The  plati- 
num crucible  is  supported  in  the  mouth 
of  the  funnel  by  a  triangle.  When  the 
air  is  heated  by  the  introduction  of  the 
crucible  it  bubbles  up  through  the  acid  and  makes  its  escape  by 
the  opening  at  the  side.  On  cooling,  the  air  forces  the  acid  through 
the  tube  and  partly  fills  the  funnel,  but  as  soon  as  the  surface  of 
the  acid  sinks  below  the  end  of  the  tube,  air  bubbles  up  through 
the  long  column  of  sulphuric  acid  until  equilibrium  is  restored. 
The  calcic  chloride  insures  complete  drying.  It  is  hardly  needful 
to  say  that  the  tube  of  the  funnel  is  supported  in  the  tubulure  by 
an  air-tight  joint. 

Water  Air-Pump, — When  the  water  air-pump  is  used  in  connec- 
tion with  a  bell-jar  and  beaker,  such  as  I  described   in  a  former 
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iiiuiibcr  of  this  ,/iiurnal,  n  (JilTi(Milty  is  cncountcre<i  uriMing  from  tho 
bursting  of  air  l)ul)l)Io.s  o<)iiliiiin-<l  in  lliu  water,  ho  soon  a»  thu  latter 
finds  it.sulf  in  a  vacjuiin.     In 
order  to  obviate  this  dillicult)' 
a  number  of  oxpodionts  wore 
resorted  to,   the  one   figured 
in  the  woodcut  proving  most 
satisfactory.     To  tlie  end   of 
the  funnel  tube,  which  is  pass- 
ed   through   the   tubuhire   of 
the  bell-jar,  a  very  small  fun- 
nel is  connected   by  a  siiort 
piece  of  india-rubber  tubing. 
The  ends  of  the  funnel  tubes 
are  ground  so  as  to  bring  them 
as  near  as  may  be  in  contact. 
They  may  be  fused,  but  this 
not     only    requires     careful 
workmanship,  but  was  found 
to  be  an  arrangement    very 
liable  to  accidents  from  the 
rigidity  of  the  parts.   The  tube 
of  the  little  funnel  iJs  bent  in 
such  a  way  as  to  bring  one  of 
its   sides  nearly   vertical   and 
parallel  to  the  inside  of  the 
breaker  against  which  it  rests. 
When  now  the  bubble  expands 
it  finds  itself  hemmed  in  by  the 
walls  of  the  funnel,  and  finally 
breaks    quietly   and    trickles 
down  the  vertical  side  of  the 
funnel  until  it  comes  into  con- 
tact with  the  beaker. 

The  exhaust  of  the  water 
air-pump  with  which  I  am 
working  at  present  is  some- 
what more  than  thirty-six  feet 
in  length.  It  is  not  unusual 
to  have  the  barometric  columns  in  the  gauge  rising  to  the  height 
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of  78 Cm.,  and  to  filter  under  a  pressure  of  65  cm.  When  the 
vacnum  is  allowed  to  stand,  the  water  supply  being  shut  off,  the 
water  remaining  in  the  exhaust  tube  is  frequently  lifted  and  runs 
back.  To  prevent  it  from  entering  the  bell-jar  the  contrivance  re- 
presented in  the  above  cut  was  resorted  to.  The  exhaust  pipe  re- 
presented by  D  enters  through  the  india-rubber  cork  of  a  wide- 
mouthed  quart  bottle,  and  passes  down  almost  to  its  bottom.  The 
tube  connecting  with  the  bell-jar  to  be  exhausted  c  terminates  on 
the  inside  of  the  bottle  just  below  the  cork,  and  so  likewise  does 
the  tube  forming  the  mercury  gauge.  When  the  water  regurgi- 
tates it  fills  the  bottle  nearly  to  the  top,  but  not  a  drop  ever  passes 
over  into  the  bell-jar.  On  starting  a  fall  of  water  again  through 
the  long  exhaust  pipe,  the  water  in  the  bottle  is  entirely  and  at 
once  removed  by  means  of  the  syphon,  and  the  exhaustion  of  the 
air  follows  immediately. 


Lecture  Expeeiments. 

By  Prof.  Thomsen,  of  Copenhagen.     Translated  by  Prof.  Leeds  from  the  Ber. 
der  deutsch.  chem.  Gesell.     No.  18,  Vol.  III. 

Reciprocal  Combustion  of  the  Elements  of  Water. 

This  may  be  demonstrated  very  instructively  in  the  following 
manner.  A  pair  of  narrow  platinum  tubes,  1  centimetre  long  and 
1  millimetre  diameter  are  formed  up  of  quite  thin  platinum  foil. 
These  tubuli  are  melted  into  a  pair  of  small  glass  tubes,  and  are 
thus  made  the  burners  of  the  two  gases,  hydrogen  and  oxygen. 
The  glass  tubes  are  passed  through  openings  about  1  to  1|  centi- 
metres apart  in  an  india-rubber  cork.  One  tube  is  connected  with 
the  oxygen,  the  other  with  the  hydrogen  reservoir.  After  the 
cocks  of  the  reservoirs  are  proportionately  opened  the  hydrogen  is 
ignited.  The  cork  with  its  two  burners  is  then  inserted  into  a  glass 
tube  about  10  to  15  centimetres  long  with  its  upper  end  much  nar- 
rowed down  but  still  left  open.  The  entire  apparatus  has  then  the 
form  shown  in  the  following  woodcut. 

The  hydrogen  now  burns  in  oxygen,  the  fusing  together  of  the 
orifice  of  the  glass  tube  being  prevented  by  the  end  of  platinum. 
If  now  the  cock  of  the  oxygen  reservoir  be  slowly  turned  ofi',  and 
the  quantity  of  oxygen  so  diminished,  the  point  is  soon  reached  at 
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which  the  suj)j)ly  liccomes  iiisiilTicicnt  to  sujtport  the  combustion 
of  the  hydro<s,c]\  ;  the  liydrogcri  Ihiine  expands,  tlien  (li.sappcars  for 
some  inomciits,  tlui  (l;iiri<!  appears  at  the  oxyg<rri  burner,  and  now 
without  any  interruption  tlic  oxygen  burns  in  hydrogen.  If  the 
oxygen  cock  bo  gently  opened,  the  flame  withdraws  itself  to  the 
hydrogen  burner,  and  again  hydrogen  ])urns  in  oxygen.  The  phe- 
nomenon can  be  repeated  as  often  as  desired  without  extinguishing 
the  flame,  provided  that  the  increase  or  diniinulion  of  the  stream 
of  oxygen  is  not  made  too  suddeidy. 

The  experiment  is  highly  caj)tivatin^,  and  it  is  (juite  iinpo.ssiblc 
for  the  obsci'vcr  who  has  not  carefully  wattdifd  il.  frr)rn  tlif  l.cMn- 
ning  to  decide  which  of  tiic  two  gases  in- 
deed is  the  combustible  one.  It  shows  the 
reciprocity  of  the  combustion  in  the  clear- 
est manner.  It  is  evident  that  while  the 
oxygen  is  burning  an  excess  of  hvdro^cn 
issues  from  the  orifice  of  the  large  tube  and 
can  be  ignited  there,  so  that  the  coriibn?-tioii 
of  hydrogen  in  the  air,  and  that  of  oxygen 
in  the. hydrogen,  can  be  shown  at  the  same 
time. 

Combustion  of  Oxyyen  xcith  a  Sooty  Flame. 
— Heavy  hydrocarbons,  like  benzol  and  oil 
of  turpentine,  burn  with  a  very  sooty  flame  ; 
with  a  very  similar  flame  oxygen  also  burns  in  the  vapors  of  these 
bodies.  The  experiment  is  made  in  the  following  manner.  Some 
benzol  is  warmed  to  the  boiling  point  in  a  long  necked  flask;  the 
flask  is  closed  by  a  cork  with  two  holes  through  one  of  which  a 
glass  tube  of  about  1  centimetre  bore  is  passed  and  through  the 
other  a  tube  somewhat  narrower  and  bent  to  one  side.  ^Yhen  the 
vapor  arrives  at  the  orifice  of  the  wider  tube  it  is  lighted,  and  then 
a  tube  through  which  a  slow  stream  of  oxygen  is  flowing  is  passed 
down  into  the  flask  through  the  flame.  The  ox^-gen  tube  is  bent 
above,  and  its  mouth  is  provided  with  a  platinum  tube  fused  into 
it.  A  cork  upon  the  oxygen  tube  closes  the  wider  tube  of  the  flask: 
The  benzol  flame  is  extinguished  and  the  vapor  issues  through  the 
side  tube,  while  the  oxygen  burns  in  the  benzol  vapor  with  a  very 
sooty  flame. 

Easy  demonstration  of  Oxydation  and  Reduction  and  their  accom-. 
panying  change  of  Weight. — Oxide  of  copper  is  rubbed  together 
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with  some  gum  water  to  a  stiff  paste,  and  made  into  a  cylinder  of 
about  1  cent,  diameter  and  3  cent,  length.  It  is  then  dried,  ignited 
and  reduced  by  hydrogen  at  a  low  temperature.  The  reduced  cop- 
per has  the  form  of  a  cylinder,  is  very  porous,  but  at  the  same  time, 
is  tenacious  enough  not  to  fall  into  a  powder.  It  is  surrounded 
with  some  platinum  foil,  the  end  of  which  is  fused  into  a  glass  tube. 
Two  tubulated  bell-glasses,  connected  by  tubes  with  gas-holders, 
are  now  filled,  the  one  with  hydrogen  the  other  with  oxygen.  The 
mouth  of  the  hydrogen  bell  opens  below,  that  of  the  oxygen  above. 
The  gases  are  now  allowed  to  stream  through  the  bells,  the  copper 
cylinder  is  made  somewhat  warm  without  allowing  it  to  attain  the 
point  of  ignition  and  introduced  into  the  oxygen  bell.  It  forthwith 
ignites  and  continues  to  glow  until  its  oxydation  is  complete.  Then 
it  cools  off  and  the  light  dies  away.  "When  taken  out  of  the  oxy- 
gen and  put  in  the  hydrogen  bell  it  begins  to  glow  fiercely  again, 
much  water  condenses  upon  the  sides  of  the  bell,  while  the  cylin- 
der is  reduced  to  metallic  copper.  We  have  here  the  highly  inte- 
resting phenomenon  of  a  body,  which  burns  twice  in  succession, 
first  in  oxygen  and  then  in  hydrogen,  and  both  times  with  the  same 
intense  light  and  heat.  After  the  second  burning  it  is  the  same 
body  as  in  the  beginning.  Since  the  change  of  weight  in  such  a 
cylinder  amounts  to  a  gramme,  the  addition  and  subtraction  can 
very  easily  be  verified  by  a  common  balance. 


A  LARGE  INDUCTION  COIL 

By  Wm.  H.  Wahl,  Ph.D. 


An  induction  coil,  which  we  believe  to  be  the  most  powerful  now 
existing,  has  been  lately  constructed  by  Mr.  E.  S.  Ritchie,  of  Boston, 
for  Prof.  Henry  Morton,  President  of  the  Stevens  Institute  of  Tech- 
nology. 

Mr.  Ritchie,  as  is  well  known,  was  the  first,  by  several  funda- 
mental improvements,  to  make  the  induction  coil  an  efficient  and 
reliable  source  of  electricity,  and  it  would  seem  that  by  con- 
stant attention  to  the  subject,  and  numerous  judicious  experiments, 
he  has  still  kept  in  advance  of  all  other  constructors  of  these  in- 
struments, for  though  Mr.  Ritchie's  improvements  were  freely  pub- 
lished and  at  once  adopted,  in  somo-  cases  with  anything  but  an  ho- 


A  Large  Indudinn  Coil. 


218 


norablo  acknowlo<lj^omciit,  he  still  sccmH  to  surpass  all  others  in  the 
eflcctiveiicss  and  (luiahility  of  his  iristriirncnts.  Thus,  fjuitc  lately, 
a  mammoth  coil  was  huilt  for  Prof.  IV^fipcr,  by  Mr.  Af)f»,  of  Lon- 
don, which  was  some  nine  f(?ct  in  Irngth,  corjtaincd  loO  rnilcs  of 
wire,  and  wei^dicd  nearly  a  t<»n.  With  a  battery  of  some  sixty 
elements,  this  coil  yielded  for  a  while  sparks  29  inches  in  length,  but 
soon  failed,  and  is  now,  wo  understand,  taken  to  j)ieccs,  The  coil, 
however,  now  described,  containing  l;ut  44J^  nnles  of  wire,  40 
inches  in  length,  and  weighing  about  2oO  pounds,  gives,  with  but 
three  cells  of  battery,  sparks  21  inches  in  length,  and  after  several 
months  of  constant  use  and  severe  tests,  is  in  [terfect  condition. 

The  accompanying   wood  cut,  which  is  a  faithful  copy  from   a 
photograph  of  the  coil,  with  some  familiar  objects  as  standards  of 


comparison,  will  give  a  general  idea  of  its  structure  and  arrange- 
ment. 

It  is  made  in  three  parts,  one  consisting  of  the  condenser,  en- 
closed in  a  mahogany  case,  as  shown  in  the  foreground,  carrying 
on  its  upper  surface  the  automatic  and  hand  break  piece,  commu- 
tator, &c.,  and  two  others,  forming  the  coil  itself.  These  last 
are  so  arranged  that  they  may  be  separated  from  each  other, 
and  used  either  apart  or  united  for  quantity.  The  pole  cups, 
by  which  the  halves  of  the  coil  and  condenser  are  united,  have 
been  omitted  by  the  engraver  on  account  of  their  confusing 
effect,  as  they  were  superposed  by  the  perspective  of  the  picture. 

The   particulars   of   construction    are  briefly  as   follows  :    The 
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iron  core  consists  of  iron  wires,  about  y^gth  inch  thick,  and 
weighs  14  pounds.  The  thickness  of  the  wires  is  immaterial  ex- 
cept as  it  affects  their  annealing.  These  wires  are  not  insulated 
from  each  other,  and  are  simply  bourfd  together  with  a  covering  of 
oil  silk  and  cloth,  for  strength. 

The  primary  wire  is  200  feet  in  length  and  0*1655  of  an  inch,  or 
about  ^th  of  an  inch  in  diameter,  and  weighs  17  pounds.  The  sec- 
ondary wire  is  234,100  feet,  or  about  44|- miles,  aod  "007  of  an  inch 
in  diameter,  and  weighs  44J  pounds.  It  was  made  of  Lake  Supe- 
rior copper,  of  the  best  electrical  conductivity,  and  is  covered  with 
white  silk.  It  is  wound  according  to  the  plan  devised  by  Mr. 
Ritchie,  in  a  series  of  spirals  representing  the  thickness  of  the  wire 
and  its  insulation,  and  has  additional  insulation  of  paraffine  paper 
interposed  at  regalar  intervals. 

The  insulation  between  the  primary  and  secondary  consists  of 
glass  bells  and  vulcanite  spools,  so  proportioned  as  to  offer  the 
greatest  resistance  at  points  of  highest  tension,  and  proved  by  actual 
experiment  to  be  50  per  cent,  greater  than  a  spark  of  21  inches 
would  penetrate,  under  the  existing  conditions.  The  condenser 
<:ontains  325  square  feet  of  tin  foil  insulated  with  oil  silk,  100 
square  feet  being  in  permanent  connection  with  the  primary  cir- 
cuit, and  three  buttons  throwing  on  100,  75  and  50  feet  respec- 
tively, at  will. 

The  break  piece  is  of  the  combined  automatic  and  hand  move- 
ment, attached  by  Mr.  Ritchie  to  all  his  larger  instruments,  the 
automatic  break  being  operated  by  a  single-cell  battery,  connected 
or  thrown  out  at  pleasure,  by  a  button  on  the  surface  of  the 
condenser-case. 

The  total  height  to  upper  surface  of  horizontal  strip  is  i8|  inches-; 
total  length  of  base,  from  end  to  end  of  round  caps  over  primary, 
40  inches  ;  height  of  base,  5  inches  ;  width  of  base,  13  inches  ;  length 
of  each  section  of  secondary  bobbin,  13  inches  ;  external  diameter 
of  secondary  bobbins,  9  inches. 

For  convenience  of  transportation  and  handling,  the  entire  coil, 
base  and  all,  is  divided  at  the  centre,  where  a  vertical  crack  appears 
in  the  drawing,  and  each  half  is  packed  in  a  separate  box.  The 
condenser  occupies  a  third  box,  and  the  entire  weight,  when  packed, 
amounts  to  355  pounds. 

The  battery  for  exciting  this  coil  w'as  made  according  to  Prof. 
Morton's  direction,  by  Messrs.  Chester  Brothers,  pf  New  York,  and 
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consists  of  lUrr.c.  gla.ss  jurs,  10  iticlu.'s  in  «li:uiicl<T  :iii«i  12  inches  high, 
into  wliich  arc  lowered,  by  means  of  a  wimllass,  plates  of  carbon 
and  zinc,  8  X  10  inclies,  five  of  eaeli  otteupyin-^each  jar.  The  lifpjid 
eniplovcd  is  the  mixture  of  potassium,  biehromatc  water  and  sul- 
phuric acid,  now  usctl  ill  several  forms  of  battery.  When  the  solu- 
tion is  fresh,  an  immersion  of  three  inches  developes  the  full  power 
of  the  coil. 

The  convenience  of  this  iKittcry  for  use,  I'rof.  M<jrlon  tells  us, 
both  at  his  own  laboratory  and  when  lately  delivering  courses  of 
lecture  in  Baltimore  and  Washin^^ton,  is  beyond  prai.sc.  Sparks  of 
twenty-one  inclies  are  developed  by  this  coil  with  such  freedom  that 
there  would  be  no  doubt  that  many  inches  more  might  be  reached  : 
but,  until  some  important  lectures  during  the  present  winter  are 
over,  he  is  unwilling  to  risk  the  puncture  of  the  insulating  bell 
jars,  which  would  throw  the  instrument  out  of  use  at  a  critical 
time;  although  it  has  been  constructed  with  a  special  view  to  the 
repair  of  such  a  damage,  should  it  occur.  At  21  inches  Mr.  Ritchie 
warrants  the  coil  as  absolutely  safe,  and  constant  use  during  several 
months  has  shown,  practically,  that  it  is  so. 

In  connection  with  a  leyden  jar  of  1^  square  feet  surface,  it  pro- 
duces sparks  of  2f  inches  in  length,  and  with  one  of  Prof.  Morton's 
secondary  condensers  (see 
this  Journal,  Vol.  LIII,  p. 
256),  shown  in  the  accom- 
panying cut,  and  contain- 
ing 20  coated  panes,  it  gives 
sparks  14  inches  in  length, 
and  of  the  intense  white- 
ness and  loud  report  of  the 
Leyden  jar  discharge. 

Blocks  of  glass  three 
inches  thick  are  penetrated,  and  seem  to  represent  pretty  accurately 
the  same  resistance  as  the  21  inches  of  air,  for  when  the  points  are 
separated  21  inches,  and  other  wires  connected  with  the  columns 
for  piercing  the  glass,  several  sparks  will  pass  in  air  before  one  with 
a  red  flash  goes  through  the  glass,  then  several  sparks  in  air  will 
occur  before  another  spark  will  traverse  the  glass  block  again. 

Curiously  enough,  the  spark  in  glass,  as  in  air,  seems  to  render 
its  path  a  worse  conductor  than  before,  for  it  rarely  happens  that 
two  sparks  in  a  thick  block  go,  even  partially,  by  the  same  route. 
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thouo-h  the  conducting  points  remain  in  exactly  the  same  position. 

The  apparatus  employed  to  pierce  glass  blocks  is  constructed  as 

follows  :  Two  glass  hollow  columns,  A  and  B,  are  procured,  and 

provided  with  five  wires  along  their 
axes,  otherwise  filled  in  with  a  mix- 
ture of  wax  and  rosin.  These  pillars 
are  made  very  broad  at  one  end, 
which  is  ground  flat,  and  are  provided 
with  brass  caps  and  binding  screws 
at  the  other.  They  are  cemented 
with  wax  and  rosin,  by  the  broad 
ends  to  the  block  of  glass,  c,  to  be 
pierced,  the  frame  shown  in  the  cut 
greatly  facilitating  that  process. 

Employed  to  illuminate  a  Gassiot's 
cascade  when  a  secondary  condenser 
of  8  coated  panes  is  in  circuit,  and  an 
interruption  or  spark  in  air  likewise 
interposed,  the  amount  of  luminosity 
is  truly  surprising,  and  greatly  exceeds  anything  that  we  have  seen 
with  any  other  coil,  even  those  made  by  Mr.  Ritchie  to  give  15-inch 
sparks. 

When  coupled  for  quantity  the  spark  length  is  reduced  to  12 
inches,  and  the  quantity  is  conspicuously  increased,  as  indicated  by 
the  sound  and  the  auriola.  When  the  poles  are  about  4  inches 
apart,  this  auriola  may  be  blown  into  a  flame  like  surface,  extending 
3  inches  from  the  line  of  discharge. 

Connected  with  a  battery  of  four  half-gallon  leyden  jars,  the 
sparks  are  deafening,  and  afford  light  enough  to  illuminate  a  zoe- 
trope  disk,  4  feet  in  diameter,  so  as  to  make  the  movement  of  its  fig- 
ures perfectly  distinct  at  a  distance  of  60  feet. 

At  a  future  time  we  will  give  some  further  account  of  experi- 
ments with  this  huo-e  instrument. 
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ITEMS  AND  NOVELTIES. 

Heating  and  Ventilating  Railway  Cars.— We  take  pleasure 
in  placing  before  our  readers  a  system  of  beating  and  ventilating 
railway  cars,  which  seems  lo  meet  the  conditions  of  the  problem 
upon  more  rational  principles  than  various  modes  now  practised. 
The  plan  referred  to  is  that  of  Dr.  J.  G.  Allen,  of  this  city,  and 
formed  the  subject  of  a  favorable  report,  adopted  at  the  last  meeting 
of  the  Institute  Committee  on  Science  and  the  Arts.  The  heatincr 
is  accomplished  b}^  a  stove,  of  peculiar  construction,  placed  beneath 
the  platform  at  one  or  both  ends  of  the  car,  which  can  be  looked 
after  by  an  attendant  from  the  top.  The  products  of  combustion 
are  carried  off  by  an  escape  pipe,  terminating  above  the  roof  of  the 
car  ;  and  the  heated  air  furnished  by  a  cylindrical  air-space  about 
the  fire  box  is  led  by  tubes  beneath  the  car,  and  supplied  by  open- 
ings at  various  points  along  its  sides,  slightly  elevated  above  the 
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flooring.  The  veDtilation  is  efifected  entirely  from  the  bottom. 
Openings  are  pierced  in  several  places  in  the  centre  of  the  aisle, 
through  which  the  air  escapes  and  is  led  off  to  a  pipe  terminating 
above  the  car  in  a  cowl  famished  with  a  flap-valve,  which,  while 
the  car  is  in  motion,  protects  the  passage  from  the  descent  of  the 
air  current.  The  suction  established  at  the  free  end  of  the  cowl  by 
its  rapid  passage  through  the  air,  is  relied  upon  to  produce  an  ef- 
fective circulation  of  the  air  within  the  car. 

The  history  of  the  process  would  then  be  about  as  follows :  The 
heated  air,  upon  its  entry  along  the  sides,  rises  at  once  (in  virtue  of 
its  inferior  specific  gravity)  to  the. top  of  the  car,  and  is  gradually 
forced  downwards — escaping  finally,  with  the  exhalations  of  the 
passengers,  through  the  ventilators  in  the  flooring.  The  plan  of 
ventilating  apartments  from  the  bottom  has  been  so  thoroughly  es- 
tablished as  the  most  economical  as  well  as  healthful,  that  if  the 
mechanical  details  of  the  plan  here  described  are  as  correct  as  the 
principle  whose  requirements  they  claim  to  meet,  it  cannot  fail  to 
meet  with  warm  approval. 

Road  Steamers. — It  is  stated  that  during  the  recent  severe 
weather,  one  of  Thompson's  road  steamers  carried  on  its  regular 
traffic,  under  conditions  which  appear  to  be  of  great  interest  for 
Canada  or  Kussia,  where  sledging  is  used  as  a  necessary  means  of 
transportation.  India  rubber  shoes  do  not  slip  on  ice,  and  it  has 
been  found  that  by  simply  removing  the  steel  guards  from  the  India 
rubber  tyres  of  the  wheels,  these  engines  can  haul  the  heaviest  loads 
over  ice  and  snow  without  slipping.  One  of  the  engines  was  worked 
through  a  distance  of  three  miles,  daily,  during  the  whole  of  the 
frost.  Part  of  the  distance  has  a  rising  gradient  of  1  in  10,  and  the 
road  steamer  hauled  a  load  of  7  tons  up  this  incline  when  it  was 
completely  covered  with  solid  ice.  It  is  highly  probable,  therefore, 
that  the  steamers  might  be  used  in  hauling  trains  of  sledges  with 
great  success,  and  it  is  very  possible  that  all  kinds  of  traffic  could 
be  carried  on  with  far  greater  ease  and  speed  over  the  snow  than 
over  the  ordinary  roads. 

A  Veteran  Steam  Engine.— Our  cotemporary  Engineeriwj 
gives  the  following  account  of  a  veteran  engine,  which  possesses 
great  interest  in  its  bearing  on  the  excellence  of  engine  building 
during  the  early  part  of  the  century.  At  the  establishment  of 
Messrs.  Frost  k  Son,  there  is  now  running  a  beam  engine,  built  by 
the  firm  of  Boulton  &  Watt,  in  1811.     The  engine  has  a  36-inch 
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cylinder,  willi  <»  I'-i'l  stroki",  :iiiil  is  run  ;il  llic  spcctl  of  from  18  to 
20  rovolutioiis  per  iniimtc,  ili<'  hnilors  in  connection  with  it  being 
worked  at  a  pressure  of  1<>  pounds  per  square  incli.  With  the  ex- 
ception of  about  two  years,  this  en;^in(;  has  been  in  ecjiistant  u.seever 
since  its  erccti(jn,  and  a  considerable  porlion  ol  the  time  it  has  be<:n 
running  day  and  niglit.  Until  witliin  the  last  nine  years  the  pi.ston 
had  gasket  packing,  and  when  metallic  packing  was  then  fitted  U) 
it,  the  cylinder  was  found  to  be  perfectly  true;  notwithstanding  the 
fact  that  it  i:ad  been  in  use  more  than  fifty  years  without  having 
been  bored  out.  The  engine  has  short  1)  slide-valves,  driven  by  an 
eccentric,  and  some  excellent  indicator  diagrams  were  taken  from  it 
a  short  time  ago.  The  power  indicated  when  the  engine  was  doing 
its  work  was  53--i  horse-power. 

A  Band  Saw  Mill. — Richards,  Kelly  k  Co.,  of  this  city,  have 
just  completed,  I'or  J.  J.  Van  Pelt,  Esq.,  of  New  York  city,  a  band 
saw  mill,  of  much  larger  proportions  than  any  hitherto  made,  either 
in  this  country  or  abroad.  The  designs  of  Mr.  Richards,  of  the  firm, 
were  submitted  in  January  last,  and  the  whole,  including  drawings 
and  patterns,  were  built  in  about  sixty  days  from  the  time  of  their 
approval.  Mr.  Van  Pelt  is  one  of  the  most  experienced  lumber 
manufacturers  in  our  country,  his  yards  being  adjoining  those  of  the 
French  Band  Saw  ^[ills,  at  the  foot  of  Tenth  street,  Xew  York.  It 
is  to  he  presumed  that  he  will  develop  many  new  features  in  this 
interesting  problem  of  band  sawMng  deep  timber. 

Some  of  the  general  dimensions  are  as  follows  : 

Length  of  the  blades 55  to  60  feet. 

Width 5  to  6  inches. 

Diameter  of  wheels 75  inches. 

Lower  shaft 4J  inches  diameter. 

Top  shaft  (steel) 4  inches  diameter. 

Range  of  guides    6  feet. 

Total  heights  from  foundation about  24  feet. 

The  bearings  are  three  diameters  in  length  composed  of,  copper, 
6,  tin  1 ;  being  very  hard,  to  withstand  the  strain  of  the  saw,  which 
will  be  from  li-  to  4  tons. 

We  expect  to  visit  this  mill  after  it  is  in  operation,  and  to  furnish 
a  further  notice  in  due  time. 

An  Alloy  for  joining  Brass  with  Steel  or  Iron.— The  diffi- 
culty of  finding  a  material  suitable  for  permanently  joining  brass 
with  steel  or  iron,  on  account  of  the  unequal  expansion  of  the  me- 
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tals,  is  well  known  ;  and  the  information  which  Dr.  Dingier  offers 
us  of  an  alloy  possessing  the  properties  requisite  to  insure  a  perma- 
nent adhesion,  may  possess  some  practical  importance  if  its  claims 
will  stand  the  test  of  practice.  The  composition  of  the  alloy  is  : — 
Tin,  3  parts  ;  copper,  39| ;  and  zine,  7|. 

Ernst  Alban's  Condenser.*— The  following  is  a  descriptiou 
and  illustration  of  Ernst  Alban's  Condenser  for  high-pressure  en- 
gines, taken  verbatim  from  his  translator.  The  extract  is  offered 
in  the  hope  that  it  may  prove  of  interest  now,  when  studied  in  con- 
nection with  modern  ejector  condensers,  and  with  several  patents 
lately  issued  for  apparatus  having  like  parts  and  use. — J.  H,  c. 

Condenser  for  High-x>ressure  Engines. — "A  condenser  is  only  ad- 
vantageous for  a  high  pressure  engine  under  certain  circumstances, 
and  then  it  must  be  of  the  simplest  construction,  with  no  air-pump. 
This  pump  is  fortunately  not  necessary  when  high  pressure  steam 
„  is  used,  as  the  steam  blowing  out  from  the  cylinder  may  be  made 
to  act  in  its  stead.  The  gain  of  the  vacuum,  where  it  can  be  simply 
obtained,  is  certainly  worthy  of  consideration. 

"  The  circumstances  under  which  a  condenser  may  be  favorably 
adapted  to  a  high-pressure  engine  are  : 

First.  "  When  there  is  an  abundance  of  cold  water  at  hand,  with- 
out requiring  much  trouble  or  cost  to  obtain  it. 

Second.  "  When  the  engine  is  very  large,  and  the  gain  by  con- 
densation consequently  more  important. 

Third.  "  When  the  steam  blowing  out  from  the  engine  cannot  be 
used  for  any  useful  object.  This  does  not  often  happen,  forthere 
are  few  engines  where  there  are  not  at  least  rooms  to  be  heated,  or 
water  to  be  warmed,  or  something  of  the  kind,  which  will  give  a 
greater  advantage  from  the  waste  steam  than  the  application  of  a 
condenser. 

"The  condenser  for  a  high-pressure  engine  may  be  either  with 
or  without  injection ;  in  both  kinds  the  water  and  air  may  be  driven 
out  by  a  blast  of  steam  every  stroke.  The  water  should  not  be 
used  for  feeding  the  boiler,  on  account  of  the  grease  it  contains.  My 
condensers  are  in  the  highest  degree  simple,  consisting  only  of  a 
single  pipe  and  a  valve,  with  a  small  cock  where  injection  is  used. 

Eescrijjiion  of  the   Condenser. --^^^1   have  already  spoken  of  the 

*  The  nigh-pressure  Steam  Engine.     By  Dr.  Ernst  Alban.    Trnnslated  by  Wil- 
liam Pole,  C.  E.  :  London,  John  Weale,  1848. 
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ftdaptation  of  a  fiiinplo  contluiisor,  uridor  <:f:rtftin  nrcurnHtanccH,  to 
flin  ]ii[^li|>rossiiro  engine. 

An  apjKiratus  of  this  kind  is  slio.vn  in  tluj  .-mncxwl  cut,  in  which 
a  is  the  eduction  i.i[.c  of  lh«;  cn-inc  ;  l>  the  condcn.ser,  a  pipe  of 
shcctcojipcr,  the  same  dianiclur  as  the  eduction  pipe,  and  about 
twice  tlie  length  of  the  stroke  of  the  engine.  It  Wka  in  a  ci.stern,  r, 
supplied  with  water  from  a  pipe,  /.•  .•  i  is  a  sieve,  to  prevent  anj 
particles  of  dirt  getting  into  the  part  of  the  cistern  from  which  the 
injection  wator  is  drawn,  and  //  is  an  overflow,  by  which  fh'-  waste- 


water j-uns  off;  I  is  au  emptying  cock.  Tiie  condenser  is  laid^on  an 
incline :  the  lower  end  projects  out  of  the  cistern  into  a  box,  e,  and 
is  furnished  with  a  hanging  or  flap-valve,  d,  opening  outwards,  m 
is  a  small  pipe,  in  which  is  fixed  the  injection-cock,  n,  turned  by 
the  key,  o.  The  pipe  is  bent  in  the  interior  of  the  condenser,  as  at 
0,  and  has  a  mouth  piece,  l,  so  shaped  as  to  spread  the  jet  of  water. 

"  The  action  of  the  condenser  is  as  follows  :  At  the  moment  the 
CGUction  passage  is  opened  to  the  cylinder,  the  steam,  having  a 
pressure  considerably  above  that  of  the  atmosphere,  rushes  through 
the  pipes,  stops  the  injection,  and  blows  the  water  and  air  collected 
in  the  condenser  out  at  the  valve  d,  into  the  vessel  e.  This,  how- 
ever, is  but  the  work  of  a  moment ;  the  valve  immediately  falls, 
the  jet  of  water  again  enters,  and  the  steam  is  condensed.  The  air 
and  vapor  pass  away  from  the  vessel  e  by  the  pipe  /,  the  water  by 
the  pipe  cj. 

"  I  have  only  yet  had  opportunity  of  applying  this  condenser  to- 
two  engines,  both  being  single-acting,  and  used  for  pumping  water. 
No  barometer  can  be  used  with  it,  for  obvious  reasons,  and  there- 
fore it  is  diflacult  to  tell  exactly  the  state  of  the  vacuum.  The  best 
proof,  however,  of  the  efilciency  of  the  apparatus  is,  that  the  engines. 
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even  when  they  are  in  the  most  powerful  and  quickest  action,  will 
be  stopped  by  simply  closing  the  injection-cock. 

"This  condenser  was  one  of  my  earliest  inventions  for  the  steam 
engine ;  it  has  been  ascribed  to  others,  but  I  made  known  a  de- 
scription of  it  about  sixteen  years  ago;  that  is,  about  the  year  1826. 

Compounding  Steam  Engines. — The  screw  steamer  Princess 
Royal  has  recently  been  lengthened  30  feet,  and  her  original  direct- 
acting  inverted  surface  condensing  engine  has  been  comjiounded  by 
placing  two  high-pressure  cylinders  on  the  top  of  the  old  ones, 
while  two  new  cylindrical  high-pressure  boilers  were  also  fitted  on 
board.  The  old  engines  were  not  disturbed,  and  the  alteration  is  so 
satisfactory  that  with  an  increased  displacement  of  300  tons,  and  the 
same  speed,  the  consumption  of  fuel  is  reduced  from  20  hundred 
weight  to  \\\  hundred  weight  per  hour.  Vessels  of  the  types  gen- 
erally built  a  few  years  ago  can  thus  easily  be  altered  to  increase 
the  carrying  capacity,  and  at  the  same  time  reduce  working  ex- 
penses.— Enrjineering. 

Speed  of  Telegraph  Transmitters. — In  conveying  the  Queen's 
speech  by  postal  telegraph,  the  Morse  printer  was  found  capable  of 
transmitting  40  words  per  minute.  The  Hughes  type-printing  in- 
strument, which  prints  its  messages  in  ordinary  Roman  type,  sent 
36  and  37  words  per  minute,  but  as  no  abbreviations  are  used,  the 
speed  is  perhaps  greater  than  in  the  Morse  instrument  where  they 
are  used.  The  Wheatstone  automatic  transmitter,  where  the  mes- 
sages are  first  punched  out  on  a  separate  instrument,  and  afterwards 
passed  through  the  transmitter  proper,  gave  as  the  highest  speed  9-i 
words  per  minute. — Engineerinrj. 

Mechanical  Engraving  from  Photographic  Negatives. — 
In  the  interesting  description  of  "  Tilghman's  process  of  cut- 
ting hard  substances,"  by  Mr.  Coleman  Sellers,  in  our  last  issue, 
the  fact  that  printing  from  the  bi-chromatized  film  could  be 
accomplished  in  this  surprising  manner  was  mentioned.  Since  the 
article  has  appeared,  Mr.  Tilghman  has  devoted  his  time  and  atten- 
tion to  the  development  of  this  branch  of  his  fruitful  discovery, 
and  with  great  success.  We  have  been  favored  at  his  establishment 
with  the  opportunity  of  examining  several  specimens  of  his  new 
art,  which  were  sharp  and  beautiful  reproductions  from  the  nega- 
tive. 

A  Monster  Blast. — At  the  Bonaw  granite  quarries,  Scotland, 
a  mass  of  granite,  computed  by  measurem.ent  to  be  about  800,000 
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to?is,  wn.s  (lisplaccd  at  one  V)lji.st.  The  charge  was  about  8000 
pounds  gun|)()\V(l(!r,  find  the  pro  pa  rat  ion  for  thf^  blast  ha<l  b*icn  jroinjf 
o)i  for  aliout  H  voar  ami  :i  li;ill".  —  I'jii'jinfcrin'j. 

The  Bunscn  Filter  Pump.  In  an  elaborate  [.af»er  of  cxpen- 
rnontfl,  coiitriliuted  by  K.  11.  Uiclianls,  M.  K.,  to  the  C/iemiral  Xeirn, 
we  glean  considerable  information  concerning  the  conditions  of 
greatest  efiectivenoss  and  the  relative  advantages  of  various  forms 
of  this  useful  adjunct  to  the  laboratory.  The  accompanyiDg  illus- 
tration shows  a  variety  of  forms  which  formed  the  subjects  of  the 
c.\amination.  In  all  the  1' igs.  a  represents  the  tube  through  which 
the  air  is  drawn  into  the  pump,  and  /"that  through  which  the  water 
is  fetl. 


Fig.  1  is  the  form  designed  and  described  by  Bunsen,  but  the 
author  tinds  ranch  difficulty  in  adjusting  the  opening  of  the  tube//, 
so  as  to  give  satisfactory  results  at  different  rates  of  speed.  Fig.  2. 
in  which  the  water  flows  through  a  tube  of  uniform  bore,  and  the 
air  is  drawn  through  a  small  aperture  in  its  side,  is  described  as 
working  very  fairly.  Fig.  3  is  a  simpler  form  of  the  same  appa- 
ratus. As  the  chief  object  to  be  attained  is  to  secure  an  even  flow 
of  air  and  water,  that  the  tension  in  the  vessel  to  be  exhausted  shall 
not  be  irregular  but  constant.  Fig.  -i  was  devised,  in  which  the  air 
is  made  to  bubble  up  through  a  little  reservoir  of  water,  e.  It  was 
found  that  by  this  device  the  air  was  naturally  broken  up  into 
bubbles  of  very  uniform  size,  and  with  much  regularity  Fig.  5  is 
a  modification  of  this  last,  and  possesses,  with  Fig.  3,  the  advantage 
of  being  simple  in  construction.  With  the  glass  blower's  lamp  at 
hand,  they  can  be  made  in  a  few  minutes  by  any  one  moderately 
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skillful.     Fig.  3  is  recommended  for  pumps  -J-inch  or  less  in  bore, 
and  Fig.  5  for  any  larger  than  -l-inch. 

The  data  established  by  a  number  of  experiments  are  stated  by 
the  author  as  follows  : 

1.  The  more  water  and  the  less  air  in  the  waste  tube,  the  more 
tension. 

2.  Friction  increases  with  the  velocity  of  the  flow,  hence  the 
slower  the  stream,  the  more  the  power. 

3.  The  slower  the  rate  of  speed  of  feed  water,  the  more  power. 

Lead  Pipes  as  Water  Conduits. — The  influence  of  the  me- 
tallic pipes  in  which  water  is  conve^^ed  to  us,  upon  its  healthfulness, 
is  a  matter  of  importance  under  any  circumstances  ;  but  it  derives 
especial  interest  just  now,  from  the  very  extended  attention  which 
has  recently  been  given  to  the  subject  by  various  municipal  autho-' 
rities.  There  exists  a  very^videspread  belief  that  water  is  very  de- 
cidedly affected  m  its  passage  through  leaden  pipes — so  much  so, 
in  many  if  not  all  cases,  as  to  render  the  water  injurious  to  the 
health.  It  has  been  abundantly  proven,  after  faithful  scientific  in- 
vestigation, that  this  view  is  erroneous  ;  for  there  exist  no  authen- 
ticated accounts  of  the  health  of  the  numerous  towns  and  cities  sup- 
plied by  leaden  distributory  tubes  having  been  injuriously  affected. 
The  cause  of  this  impunity,  the  English  commission  appointed  to 
investigate  this  subject,  find  to  reside  in  the  extraordinary  influence 
exerted  by  the  small  quantity  of  carbonic  acid  which  the  softest  na- 
tural waters  invariably  contain.  The  effect  of  the  presence  of  this 
gas  is  to  convert  the  oxide  of  lead  which  may  be  dissolved  into  a 
carbonate,  which  is  practically  insoluble  {-^^  of  a  grain  dissolves  to 
the  gallon  of  water).  In  experiments  made  with  the  view  of  testing 
this  point,  it  was  found  that  pure  water  in  contact  with  lead  for 
twenty-four  hours  became  highly  poisonous,  while,  under  the  same 
circumstances,  water  containing  3  per  cent,  of  carbonic  acid  re- 
mained perfectly  safe. 

There  are,  it  is  true,  certain  causes  which  may,  to  a  limited  ex- 
tent (as  in  the  supply  of  one  or  several  dwellings),  give  rise  to  dis- 
tressing accidents,  such  as  the  possible  presence  in  the  pipes  of  de- 
caying organic  matter,  or  other  impurities.  Such  cases  are,  how- 
ever, from  their  character,  necessarily  local,  and  cannot  disturb  the 
supply  of  a  town. 

The  substitution  of  tin -lined  lead  pipe,  block-tin  or  galvanised 
iron,  have  each  been  suggested  in  the  place  of  lead,  and  each  plan 
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}iiiH  fouiKl  warm  .'idvocatcs,  «inl  doubtloHM  jjohrcrhcs  certain  advan- 
triples.  It  would  sooin,  liowovcr,  on  cxaiiiiiialioiiof  the  mibjcct,  that 
whilo  tlie  iiitroduuliori  orcilhcrrol  these  sulmtitiitcs  in  attended  with 
serious  j)rjictic!il)lc  objections,  au  appreeiahle  superiority,  in  a  Hani- 
tary  point  of  view,  is  gravely  to  be  doubted,  IJlocktin  [lipc, 
though  very  liarinless,  is  by  no  means  as  durable  as  lead,  being  ra- 
pidly decom[)osed  by  limestone  waters,  and  is,  besides,  too  costly 
Cor  this  purpose,  as  the  sup{)ly,  oven  with  its  present  industrial  ap- 
plications, cannot  keep  pa(;c  with  the  demand. 

'J'inencascd  lead  and  galvani.scd  iron  pii)cs  are  likcwi.se  open  to 
objections,  whii-.h  seem  to  more  than  counterbalance  the  advantages 
claimed  for  them.  It  is,  in  practice,  im[)Ossible  to  protect  perfectly 
the  surfaces  of  metals  with  others.  Under  the  most  favorable  cir- 
cumstances, flaws  in  the  coating  will  exist,  and  where  these  occur, 
wc  have  all  the  conditions  necessary  for  a  galvanic  current — (two 
metals  in  contact  with  each  other  and  an  exciting  liquid) — an  dec- 
irochemical  action  takes  place,  whereby  the  positive  metal  is  more 
rapidly  decomposed  and  taken  up  by  the  water  than  if  present 
alone. 

It  seems,  therefore,  established,  that  taking  all  the  essential  re- 
quirements, durability,  cheapness  and  health,  into  consideration, 
lead,  for  water  pipes,  is  to  be  preferred  to  any  substitute  which  has 
as  yet  been  proposed. 

It  ma\''  be  curious  to  note,  in  conclusion,  that,  in  the  Keport  of 
the  English  Scientific  Commission,  which,  upon  investigation,  de- 
clared in  favor  of  lead,  the  purest  water  analyzed  during  extended 
examination  as  to  the  most  available  source  from  which  to  supply 
the  city  of  London,  came  from  a  lake  which  received  all  the  wash- 
ings from  nei2;hboring  lead  mines. 

At  the  last  meeting  of  the  Franklin  Institute  there  were  shown 
a  number  of  new  instruments  imported  by  Prof.  Morton  for  the 
Physical  Laboratory  of  the  Stevens'  Institute  of  Technology.  Among 
them  were — 

An  Improved  Pocket  Chronograph,  by  Casella.— In  size 
and  form  the  chronograph  precisely  resembles  a  watch,  and  con- 
sists of  au  ordinary  quick  train  lever  movement,  with  the  ad- 
dition of  a  centre  seconds-hand,  which  traverses  the  dial,  as 
in  a  stop  seconds  watch,  but  differs  from  it  by  means  of  the 
registering  property  it  possesses.  This  hand  is  therefore  double, 
and  is  formed  of  two  hands,  one  lying  over  the  other.  The 
Vol.  LX.— Third  Series.— No.  4.— April,  1871.  29 
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lower  one  at  its  extreme  end  has  a  small  cup  or  reservoir,  with  a 
minute  orifice  at  the  bottom  ;  the  corresponding  end  of  the  upper 
hand  is  bent  so  as  to  rest  exactly  over  the  puncture.  Having  sup- 
plied this  cup  with  a  thin  black  fluid,  formed  of  olive  oil  and  a  lit- 
tle lampblack,  put  on  with  the  point  of  a  pin,  wind  up  the  instru- 
ment in  the  centre  hole  at  the  back,  and  set  the  hour  hand  by  ap- 
plying the  key  in  the  second  hole.  The  small  catch  beside  the 
handle  must  now  be  pushed  towards  the  handle,  to  put  the  work  in 
motion.  If  using  it  at  a  race,  on  the  first  horse  starting  push  in 
the  stop  in  the  handle,  which  causes  the  upper  seconds-hand  to  dip 
through  the  orifice  in  the  lower  one,  and  leave  a  little  black  spot 
or  speck  on  the  dial.  This  is  repeated  as  each  horse  or  boat  passes 
the  winning  post,  so  that  an  indisputable  record  is  thus  obtained  by 
these  dots  of  the  exact  time  of  arrival  of  each  horse  or  boat,  as 
well  as  the  whole  time  occupied  by  the  race.  By  this  method  the 
time  may  be  taken  to  the  tenth  of  a  second  without  the  confusion 
and  anxiety  of  taking  the  eye  from  the  object  on  which  it  is  neces- 
sarily so  intently  fixed.  The  action,  if  continuous,  is  four  hours 
without  winding  up,  but  it  may  be  stopped  at  any  time  by  shifting 
the  side-catch  back  as  above. 

A  Small  Pocket  Barometer  {aneroid)  by  the  same  maker,  of 
about  the  size  of  an  ordinary  watch,  and  capable  of  indicating 
heights  up  to  8000  feet,  was  likewise  shown.  This  instrument  in- 
dicates obviously  the  change  in  atmospheric  pressure  encountered 
in  passing  from  one  story  of  an  ordinary  house  to  another.  Though 
this  instrument  is  not  capable  of  the  same  absolute  precision  as  the 
standard  mercurial  barometer,  yet  for  measuring  ordinary  changes 
in  atmospheric  pressure  and  for  the  rapid  determination  of  heights, 
it  is  most  efiicient  and  valuable. 

A  Remarkable  Spectrum.— An  alcoholic  solution  of  red  ani- 
line (fuchsine)  containing  18"8  per  cent,  has  a  curiously  varying 
refractive  power  for  different  rays.  The  index  of  refraction  in- 
creases from  Frauenhofer  line  B  to  D  and  slightly  beyond,  and  then 
decreases  very  rapidly  to  G,  from  which  line  it  again  increases. 

Frauenhofer  line.  Index  of  refraction. 

B .,. , l-4o0 

C 1-502 

D 1561 

r 1  312 

G 1285 

H.. 1-312 
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This  fjivcs  a  stran^o  result  i>ii  looking  at  an  illuinincd  »litthroup;h 
n  sliarj)  |)risin  rnadt;  of  tliis  solution  ;  llio  colors  arr-  socn  in  the 
iirdi'f,  violet,  ii-ij,  vllow,  tlio  jtjllow   bcinj;;   most  <lL-flcct«.'<i. 

GasBiot's  Electric  Star. — The  well  known  physicist  to  whom 
w(5  owe  tho  beaiitiriil  c\|»critnont  of  the  electric  cascade,  aI.«o  de- 
vised an  arrangement  l>y  which  tho  proficrty  of  persistence  of  vision 
could  be  rendered  available  in  multiplying  and  combining  the  beau- 
tics  oflliosc  most  fascinating  of  electric  toys,  the  elaborate  Geisslcr 
t\ibcs. 


^^..AN-lka^ 


His  plan  was  to  attach  several  of  tliem  to  a  system  of  radial  arms 
capable  of  rotation,  while  the  spark  from  an  induction  coil  was 
passing  through  them.     The   successive   flashes  would  thus  find 
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them  in  different  positions  in  rapid  succession,  and  this  with  such 
quickness  that  by  pe  rsistnce  of  vision  a  kaladeioscopic  repetition 
and  combination  of  the  figure  would  be  obtained.  This  plan  is  ad- 
mirable in  its  effect,  and  is  only  open  to  the  objection  that  the  ap- 
paratus is  costly,  and  admits  of  but  few  variations.  A  modification 
made  by  Prof.  Morton  obviates  both  these  difficulties.  A  sheet  of 
card  board  is  taken,  of  any  desired  shape,  and  a  number  of  Geissler 
tubes  being  arranged  on  it  in  such  figure  as  may  be  desired,  the  outlines 
of  their  prominent  bulbs  are  marked,  and  then  with  a  knife  or  punch 
corresponding  holes  are  cut.  The  card  has  then  a  hole  punched  at 
the  point  which  it  is  intended  to  make  the  centre  of  rotation,  and 
is  braced  by  having  a  few  light  strips  of  wood  tacked  to  it  in  con- 
venient positions.  The  tubes  are  then  tied  on  with  strings  passed 
through  small  holes  in  the  card.  The  card  is  then  fastened  by  a 
screw  button,  c,  to  the  front  of  an  ordinary  vertical  rotating  appa- 
ratus, A  B,  such  as  is  used  for  a  Newton's  solar  disk,  A  wire  from 
one  end,  E,  of  the  series  of  tubes  is  attached  to  this  button,  and  fi-om 
the  other  end,  d,  to  a  pin  supported  on  a  small  rod  of  vulcanite 
from  the  centre  of  the  same  button.  Opposite  this  is  the  adjustable 
pin  of  an  insulated  stand,  D  f,  to  which  one  pole  of  the  coil  is  at- 
tached, while  the  other  is  led  to  the  upper  pulley  of  the  machine. 
The  cost  of  such  an  apparatus  is  very  small,  and  at  any  time  the 
tubes  can  be  arranged  in  a  different  pattern  on  the  same  card. 

Sensitiveness  to  Light  of  Ferrocyanide  of  Potassium. — 
A  few  experiments  in  the  direction  of  utilizing  the  instability  of 
this  salt  have  recently  been  made  public  by  Dr.  Hermann  Vogel. 
The  fact  that  it  is  a  decomposable  substance  is  a  matter  of  unplea- 
sant experience  with  every  chemist ;  that  the  cause  of  its  alteration 
resides  in  the  influence  of  light  may  not.  however,  be  generally 
known,  though  Schonbeiu,  as  early  as  1848,  describes  the  pheno- 
menon very  accurately  in  Poyg.  Ann.  The  fact  may  be  verified 
by  a  very  simple  experiment,  to  wit :  Divide  a  freshly  prepared  solu- 
tion of  the  salt  into  two  parts ;  place  one  in  the  dark  and  expose 
the  other  to  the  action  of  sunlight,  and  even  in  a  few  hours  the  last 
will  be  notably  darker  than  the  first  preparation.  The  change 
seems  to  reside  in  the  formation  of  the  ferrocyanide,  as  maybe 
proven  by  adding  to  the  altered  solution  a  few  drops  of  sesque- 
chloride  of  iron.  According  to  Vogel,  au  exposure  to  -sunlight 
for  even  30  seconds  is  sufficient  to  detect  the  formation  of  some 
ferrocyanide,  and  this  reaction  he  has  endeavored  to  utilize  in  the 
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proiluclion  <>!  pliolo^^rupliid  irna;^OH.  TIm;  tlulniU  uf  llio  trial,  a«  de- 
scribed by  tho  author  in  tli«;  11  r.  il.  Ikulach.  Chem.  O'fseli,  aro  a^ 
follows:  A  ])a|)(T  was  iloalcd  on  a  .solution  of  the  fd-rrocyanide, 
containing;  lU  per  cent,  of  the  salt,  and  was  dried  in  the  dark,  'i'hin 
jmpor  gave,  when  o.\posed  under  a  negative  for  a  short  lime,  only 
faint  traces  of  an  ima;^M»,  which  became,  however,  on  immersing  the 
paper  in  chloride  of  iron  .solution,  very  distinct,  and  of  a  strong  blue 
color,  from  the  formation  of  Prussian-blue.  If,  instead  of  using  an 
iron  solution,  the  exposed  paper  is  immersed  in  a  .salt  of  uranium 
the  corresponding  compound  of  uranium  is  formed,  which  gives  a 
picture  of  a  pleasing  brownish  tint. 

If  a  sensitivcd  paper  is  exposed  beneath  a  negative  for  a  cun.>5i- 
dcrablctimc,  a  pale  blue-black  image  finally  appears,  which  is  rea- 
dily fixed  by  simple  washing  with  water.  At  the  close  of  this  inte- 
resting communication  the  opinion  is  ventured  that  the  cause  of  the 
instability  of  the  numerous  compounds  at  present  conveniently  [but 
very  incorrectly — Ed.]  called  s})ontaneously  decomposable,  resides, 
as  with  the  ferrocyanidc,  in  their  sensitiveness  to  the  influence  of 
light. 

Occurrence  of  Saltpetre. — We  lately  received  a  number  of 
samples  of  a  thinly  laminated  sand-stone,  from  Tioga  county,  in  this 
State,  which  were  thickly  covered,  upon  upper  and  lower  surfaces, 
with  a  pulverant  white  coating.  This  proved,  on  examination,  to 
be  saltpetre.  The  statement  accompanied  the  samples  that  it  oc- 
curred in  great  quantity.  In  view,  however,  of  the  fact  that  our 
wet  season  is  upon  us,  and  that  saltpetre  is  soluble,  it  appears  ex- 
tremely doubtful  whether  its  stay  in  the  county  will  be  protracted 
beyond  the  month,  even  should  the  statement  of  its  presence  in 
quantity  be  literally  true,  which  again  is  very  doubtful. 

A  Lecture  Experiment. — A  number  of  devices,  some  of  them 
simple,  others  complex,  have  from  time  to  time  been  described,  for 
showing  the  reciprocal  combustion  of  the  elements  of  water,  and 
experiments  of  a  similar  nature.*  Most,  if  not  all  of  these,  how- 
ever, as  will  be  found  upon  testing,  either  do  not  entirely  remove 
the  danger  of  an  explosion  from  the  operator,  or  they  require  the  ex- 
ercise of  an  unusual  amount  of  care  and  dexterity  to  be  used  with 
success. 

The  accompanying  arrangement,  which  is  of  the  most  simple  cha- 

*  Ber.  d.  Deutsch.  Chem.  GeseU,  III,  pp.  419,  930;  this  Journal,  LXI,  210. 
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ractcr,  and  which  \vc  saw  for  the  first  time  on  the  lecture  table'  of 

Prof,  Hiraes,  we  have  since  repeatedly  used 
to  show  the  burning  of  oxygen,  air,  chlo- 
rine, &c.,  in  hydrogen,  burning  gas  or  hydro- 
carbon vapors.  The  experiment  can  be 
performed  with  such  ease  that  it  is  worthy 
of  notice. 

The  arrangement  consists  of  a  cylinder 
of  glass,  about  a  foot  or  a  foot  and  a  half  in 
length  ;  (the  kind  used  commonly  as  chim- 
neys for  the  argand-burner  can  be  had  of 
proper  length.)  This  is  furnished,  above 
and  below,  witli  a  cork ;  the  one  at  the 
upper  end  has  one ;  that  below  has  two 
glass  tubes,  of  the  form  shown  in  figure. 
The  whole  affair  is  supported  from  the  re- 
tort stand.  The  hydrogen  (in  the  H  and  O  experiment)  is  admitted 
through  the  upper  tube,  when  it  has  completely  displaced  the  air, 
is  ignited  below — (the  cork  having  been  removed) — and  the  supply 
is  regulated  until  only  a  weak  hydrogen  flame  remains.  The  oxy- 
gen, supplied  through  the  straight  tube  in  the  lower  cork,  is  now^ 
turned  on  slightly,  and  the  cork  fitted  into  its  place.  The  flame  of 
hydrogen  at  the  opening  is  extinguished,  but  the  oxygen,  in  passing 
up  througb  it,  is  ignited,  and  burns  now  in  the  centre  of  the  cylin- 
der. The  surplus  of  the  hydrogen  escapes  now  from  the  second 
tube  below,  and  can  be  there  ignited.  This  last  flame  serves  the 
purpose  of  a  good  indicator,  by  which  the  supply  of  gases  in  the 
cylinder  can  be  regulated,  and  which,  of  course,  leaves  the  size  of 
the  flame  at  the  will  of  the  operator.  Once  in  operation,  the  ex- 
periment may  be  left  to  take  care  of  itself  for  the  remainder  of  the 
hour. 

Artificial  Production  of  Coniin. — A  late  exchange  gives  us 
the  intelligence  of  the  artificial  manufacture  of  the  alkaloid  coniin. 
This  important  discovery  makes  it  very  probable  that  we  may  yet 
be  able  to  manufacture  the  valuable  medicines  quinine,  morphine, 
and  similar  compounds,  for  the  supply  of  which  we  are  yet  entirely 
dependent  upon  the  vegetable  world.  The  process  of  its  manufac- 
ture is  described  to  be  as  follows : — Alcoholic  ammonia  is  allowed 
to  act  upon  Butyric  aldehyd  at  100°  C,  the  product  of  this  action 
is  combined  with  platinum  and  subsequently  distilled.     The  pro- 
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(Inct  ol  this  (listill.'ition  is  an  arliiloiul  coiiiin  po^ACi.^in;^  all  iu  che- 
mical and  pliysiylogioal   proj)crtios,  ami   williotif  in  no  way  <liHtiii 

i^Miishalil"'  iVoiri  flir  ii;itural  ;i!kal«>iil. 
A  Gas  Furnace  of  Convenient  Form.     Mr.  Chas.  (irillin  ha;* 

recently  j)ulili.sliiMl  an  ac(M;nnt  ul  a  very  convenient  lonn  of  gus 
I'lirnace  Tor  I'u.sions  at  while  heat, 
the  accompanying  illu.stration  of 
which  we  owe  to  the  courtesy  of 
the  editor  of  the  C/i^micul  Ncirs. 
Its  advantages  lie  in  its  portability, 
and  in  the  fact  tliat  it  does  not  re- 
quire the  aid  of  a  blowing  machine. 
It  is  stated  that  its  heating  jiower 
is  sufficient  to  raise  a  -lA-inch  cru- 
cible fillcdVith  metal  to  a  white 
heat.  We  append  a  brief  summary 
of  its  parts  and  construction. 

Fig.  1  represents  the  furnace, — 
height,  including  stool,  2  feet,  ex' 
ternal  diameter,  8  inches.  It  con- 
sists of  a  brass  cylinder,  a,  furnish- 
ed witb  1(3  Bunsen  burners ;  e  is 
the  iron  stand  supporting  the  fur- 
nace and  the  iron  rod,  K,  whicb 
holds  the  chimney.  Fig.  2  shows 
the  construction  of/,  the  fire-clay 
sole  plate,  to  the  opening  of  which 
the  burners  are  attached,  ^r  is  a 
fire-clay  cylinder — dimensions  G 
inchesheight,  8  inches  diameter  and 
5  inches  bore.  Figs.  3  and  -i  re- 
present a  perforated  black-lead  cyl- 
inder to  support  the  crucible  c, 
which  should  be  placed  about  1  to 
1^  inches  above  the  face  of  the 
burners.  In  Fig.  1  h  represent  the 
roof  of  furnace ;  Fig.  5  shows  it  in 
.section,  ii,  (Fig.  1,)  represent  an 
iron  chimney  measuring  4  feet  in 
length  and  2  inches  in  diameter.      The  chimney  is    movable  by 


232 


Editorial. 


the  handle,  m.     At  n  there  is  a  guide  and  at  o  a  stop,  by  ^yhich  the 
chimney  can  be  moved  aside  or  adjusted  with  ease. 


Fiff.  2. 


Fiir.  4. 


Figs.  6  and  7  represent  respectively  the  form  of  grate  and  cylin- 
der which  have  been  best  adapted  for  use  with  small  crucibles. 
When  the  furnace  cylinder,  g^  is  replaced  by  an  oval  furnace  body 


Fi"'.  5. 


Fig.  6. 


Fie  7. 


Fis.  8. 


that  contains  a  muffle  as  represented  by  m,  Fig.  8,  the  usual  muffle 
operations  of  cupellatiou,  roasting  of  ores,  &c.,  can  be  readily  per- 
formed. 

Operations  that  succeed  at  moderate  tem- 
peratures, such  as  the  fusion  of  zinc  in  an  iron 
pot  or  ladle,  are  performed  without  using 
the  dome  and  chimney.  The  vessel  to  be 
heated  is  to  be  placed  on  the  inner  cylinder 
of  Fig.  3. 

Access  to  the  crucible  in  the  furnace  is 
gained  at  any  moment  by  turning  aside  the 
chimney,  and  lifting  the  dome,  A,  Fig.  1. 
When  the  crucible  is  to  be  removed,  the 
dome  is  first  taken  from  the  furnace,  and 
placed  on  a  circular  plate  of  fire  clay  ;  the 
outer  cylinder  is  next  lifted  off,  and  placed 
on  a  similar  plate  of  fire-clay.  The  crucible 
can  then  be  removed  by  the  bow  tongs. 

Note. — A  useful  series  of  rules,  formulae,  &c.,  for  computing 
earthworks,  by  John  Warner,  we  hope  to  be  able  to  present  in 
our  next  issue. — Eds. 
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WOOD  WORKING  MACHINERY. 

A  lii-nli-i'  oil    its    ciinstnirliiiM   iiikI   nj>pliciili(»ii,  willi  a    lii^lory  <•!'  il«   origin    fin«l 
]lro•;^(•^s.      I'y.I.    Iliclianls,  M.  K. 

(Conliiiiicd   fn'Mi  page  8'.).) 

}[ortisin'j  Machines, 

MoirrisES  and  tenons  constitute  about  the  only  means  ol  joining 
wood  framing  where  the  fibres  meet  at  an  angle.  In  metals  the 
joining  of  the  material  is  performed  by  melting  and  by  fusion  when 
a  perfect  union  of  two  parts  is  necessary  ;  but  in  wood  work,  joints 
have  to  be  made  by  what  we  will  term  mechanical  connection, 
^[ortises  and  tenons  in  wood  work  can  be  regarded  as  representing 
bolted  and  welded  joints  in  metal  work.  As  the  course  of  the 
fibre  in  wood  is  an  important  condition,  and  one  which  must  be 
considered  in  the  disposition  of  every  piece  and  its  shape,  the 
framing  of  wood  structure  involves  an  intricate  as  well  as  inte- 
resting  study  for  the  engineer. 

The  extensive  use  of  wood  in  buildings,  bridges  and  otlicr  struc- 
tures in  the  United  States,  has  developed  mucb  in  the  art  of  wood 
framing.  Some  of  these  works  have  excited  the  w^onder  and  ad- 
miration of  the  world.  The  trestle  work  on  the  Catawissa  Eailroad 
Bridge,  of  which  there  is  a  model  in  the  museum  of  the  FranlcUn  In- 
stitute, is  one  of  the  boldest  of  these  works  in  the  country — not  the 
boldest,  perhaps,  in  the  sense  of  braving  danger,  for  some  of  tlie 
structures  erected  of  timber  during  the  late  war,  bear  off  the  palm 
in  this  respect.  The  time  and  means  considered,  there  is  something 
almost  marvellous  in  the  feats  of  our  army  in  bridging  the  Ten- 
nessee and  other  Southern  rivers  during  the  rebellion.  Tenons  and 
mortises  are,  however,  only  used  for  keeping  the  parts  in  place  in 
such  framing  as  it  is  now  constructed;  the  whole  being  clamped 
and  held  by  iron  bolts  that  receive  all  lineal  tension.  In  the 
shops  mortises  and  tenons  for  furniture,  joined  work,  carriage 
work,  &c.,  are  the  common  means  of  joining  material.  Machines 
lor  making  tenons  and  mortises  are  therefore  indispensable,  and 
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rank  in  importance  next  to  those  for  preparing  material  (planing 
and  sawing). 

Mortises  are  made  by  reciprocating  chisels  or  by  rotating  tools; 
the  first  making  finished  rectangular  mortises  to  receive  tenons 
formed  on  the  common  tenoning  machines,  the  second  making  mor- 
tices either  on  straight  or  curved  lines,  the  ends  being  circular. 

The  first  record  of  reciprocating  mortising  machines  is  that  of 
Bentham,  1796,  described  in  his  patent  of  that  date.  He  also  de- 
scribes the  rotary  mortising  machine,  and  no  doubt  either  himself 
or  his  brother  made  machines  of  both  kinds,  to  be  used  in  the  Eng- 
lish prisons  about  the  close  of  the  eighteenth  century.  Hand 
mortising  machines,  consisting  of  a  chisel  bar,  worked  by  a 
weighted  lever,  came  extensively  into  use  in  England  forty  years 
later,  and  are  yet  to  be  found  in  most  of  their  wood  workshops.  The 
treadle  machine  is  generally  used  in  our  country  in  places  where 
there  is  no  power  used,  and  some  kinds  of  mortising  are  performed 
on  these  machines  even  when  power  machines  are  at  hand. 

There  is  not  in  the  whole  catalogue  of  wood  machines,  if  we  ex- 
cept jig  saws,  a  machine  that  has  so  long  baffled  inventors,  and  that 
has  appeared  in  so  many  modifications,  as  the  mortising  machine. 
Like  the  jig  saw,  it  is  reciprocating,  requiring  greatest  strength  just 
where  the  least  amount  of  material  must  be  used,  and  liable  to  con- 
tinual derangement  from  concussion.  Machines  in  modern  use  can 
be  classed  into  five  modifications,  exclusive  of  rotary  mortisers. 

1st.  The  graduated  stroke  machine,  in  which  the  chisel  bar  has  a 
graduated  reciprocating  motion,  commencing  from  a  still  point,  and 
progressing  downward  into  the  timber,  returning  to  the  starting 
point  at  each  return  stroke — differing  from  a  variable  eccentric  in 
the  matter  of  requiring  a  stroke  but  little  longer  than  the  depth  of 
the  mortise.  Variable  cranks  or  eccentrics  that  operate  the  chisel 
bar  by  an  increased  throw,  in  both  directions,  above  and  below  the 
centres,  have  been  applied  in  all  conceivable  forms  to  mortising  ma- 
chines without  any  satisfactory  result. 

2d.  Another  class  of  machines  are  those  wherein  the  reciprocating 
parts,  including  the  crank- wheel,  chisel-bar  and  connections,  are  all 
brought  down  towards  the  timber,  the  chisel  having  a  continuous 
motion,  with  a  uniform  range  and  a  fixed  eccentric. 

8d.  We  have  the  machines  with  the  chisel  bar  or  its  connections 
elongated  to  give  the  stroke,  the  bar  and  chisel  having  a  continuous 
reciprocating  motion,  but  capable  of  being  extended  to  the  depth  of 
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tlio  iiKMli.so,  :iiiil  y<-X  resist  in  its  joints  tlic;  J"uiT<'  of  l)i<-  Mow.  'V\\>: 
writer  dosigncd  and  patented,  in  iHfjO,  a  n(;vel  modification  of  thin 
nmcldne,  wlierein  tlio  operator  was  relieved  from  any  jar  or  labor 
in  operating  the  chisel  bar,  but  at  an  expense  of  much  complicated 
nieehanisni,  that  was  ineonsistnit  witli  tli(;  conditions  of  its  o[»f'r.'i 
tion. 

•1th.  Another  niodilicaliou  is  niachincs  arranged  to  move  or  i-'ci 
the  wood  to  the  chisel,  which  has  a  continuons  reciprocating  motion, 
the  operating  parts  being  only  a  crank  sliaft,  a  plain  chisel-bar,  and 
connection.  These  machines  are  the  most  simple  that  can  be  con- 
structed, and  have  every  needed  function  for  all  kinds  of  work 
when  the  material  is  not  too  heavy  to  be  raised  to  receive  llie 
action  of  the  cbisel.  Tliey  can  be  operated  at  a  speed  that  would  soon 
destroy-  machines  with  more  detail  ;  and  have  superior  claims,  on 
account  of  their  simplicity,  for  general  uses.  They  can  be  operated 
at  600  blows  per  minute  for  joiner  work,  and  when  the  bed  or  table 
is  properly  arranged,  no  inconvenience  from  jar  is  felt  by  the  ope- 
rator in  raising  the  table.  At  a  rapid  motion  the  jar  is  absorbed 
by  the  inertia  of  the  table  (which  is  generally  made  heavy),  and  is 
hardly  communicated  to  the  treadle. 

One  of  the  most  important  improvements  in  power  mortising  ma- 
chines which  has  appeared  since  the  first  conception  of  the  machine, 
is  the  automatic  reversing  apparatus  of  H.  B.  Smith,  patented  in 
1854:.  We  say  reversing  device,  for  it  is  known  by  this  name,  and 
while  it  performed  this  function  as  its  leading  object,  it  also  lield 
the  chisel  bar  firmly  while  in  motion,  and  prevented  any  possible 
deviation  of  the  chisel  by  loose  joints  or  uncompensated  wear,  which 
was  hardlv  second  in  importance  to  reversing  the  chisel  to  form  the 
ends  of  the  mortise.  An  illustration  of  this  machine  is  shown 
in  accompanying  plate,  which  shows  the  machines  as  built  by 
Mr.  Smith,  of  Smithville,  New  Jersey.  They  are  fitted  with  this 
automatic  reversing  device,  of  which  we  Avill  attempt  an  explana- 
tion in  general  terms,  so  far  as  the  principle  is  involved.  There  is 
maintained  a  constant  torsional  strain  upon  the  chisel  bar  by  means 
of  frictional  or  yielding  connection  wath  the  driving  shaft  by  means 
•  of  a  belt  that  "  slips"  upon  the  pullies  except  at  the  instant  of  the 
rotation  of  the  chisel.  This  belt  is  so  proportioned  and  arranged, 
that  while  it  offers  no  very  great  amount  of  resistance  to  the  crank- 
shaft, it  keeps  a  continuous  rotar}*  strain  upon  the  chisel  bar,  which 
is  released  by  stops  at  each  motion  of  the  table  and  allowed  to  per- 
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form  a  half  rotation.  These  stops  on  the  machine  of  Mr.  Smith  are 
so  arranged  as  to  allow  the  chisel  bar  to  make  one-fourth  of  a  revo- 
lution during  a  m.ovement  of  one  inch  of  the  table  at  its  lower  ex- 
treme, and  another  fourth  during  its  ascent  through  the  same  dis- 
tance, the  chisel  reversing  its  position  at  each  motion  of  the  table, 
without  anj  care  or  effort  on  the  part  of  the  operator.  This  slip- 
ping or  frictional  contact  with  the  continuously  moving  parts  of  the 
machine  can  be  attained  in  various  ways.  A  flat  belt  would,  how- 
ever, seem  to  be  the  best  adapted  to  the  purpose.  Clutches  having 
metallic  faces  would  tend  to  abrade  each  other,  and  require  elastic 
pressure.  A  polished  metallic  surface  in  contact  with  leather  has, 
in  this  case,  as  in  other  places,  proved  itself  as  the  best  combination 
for  frictional  contact.  The  round  belt,  however,  wears  well,  and 
this  part  of  the  machine  never  gives  any  trouble. 

Automatic  reversing  devices  of  other  forms  have  been  applied, 
generally  dependent  upon  the  feed  or  table  movement  to  revolve  the 
bar — in  some  cases  by  direct  contact  of  spiral  extensions  on  the  bar, 
which  come  in  contact  with  a  sectional  nut.  To  revolve  the  chisel  bar 
of  a  mortising  machine  by  connection  with  the  table  movement 
must,  of  course,  consume  some  share  of  such  movement  that  cannot 
be  utilized  in  mortising,  as  the  chisel  must  be  clear  of  the  wood 
when  reversed.  To  allow  the  bar  to  come  in  contact  with  any  sta- 
tionary part,  when  in  motion,  would  only  be  admissable  at  a  slow 
speed  ;  Avhile  in  both  cases  the  keeping  or  holding  mechanism  that 
retains  the  bar  in  position  when  cutting,  can  be  nothing  more  than 
a  weak  spring,  whose  force  must  be  overcome  continually  in  the  act 
of  reversing.  These  objections  are  only  obviated  by  the  use  of  some 
"  extraneous"  force,  acting  upon  the  chisel  bar  independent  of  the 
reciprocating  or  feeding  parts  of  the  machine,  which  this  frictional 
connection  with  the  crank-shaft  gives  in  a  very  perfect  manner. 

Among  the  many  improvements  in  wood  machines  by  English 
manufacturers,  the  mortising  machine  has  been  "  left  out."  Their 
idea  of  mortising  seems  to  be  gathered  from  the  metal-slotting  ma- 
chine. The  writer  has  seen  and  examined  the  machines  of  two 
prominent  English  makers,  in  both  of  which  the  chisel  was  driven 
to  the  bottom  of  the  mortise  at  the  first  stroke  :  geared  in  one  by 
positive  clutches,  while  the  other  had  no  visible  means  of  feeding 
the  chisel  down,  except  by  starting  the  machine  after  setting  the 
wood.  Such  machines  would  in  this  country  be  considered  totally 
inoperative.     Messrs.  A.  Eansome  &  Co.,  of  London,  are  now  pre- 
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|):iriii;j;  |i:itti'i  ii.s,  ami  will  Huoii  )il'()(liiuu  Wooil  iMortiNilig  riiuuliiliejl, 
uiiclor  HiiViM'al  iiMxIilit-aiiotm,  to  moot  tliu  vari(Hiri  conditions  of  work, 
of  wliii^li  cuts  will  ill  (im)tinK)  bo  prosoiitc*!. 

A  mtli  iiuHlilii-atioii  is  tlio  ('(X'tvhcjriiig  morliHo  machine,  having;  a 
,st|iiar('  liollow  iniiu-li,  horml  cyliiitli'icnliy  through  i  tH  centre  to  rocoivo 
a  Ittniiijj;  hit,  llu;  conicr.s  of  the  mortise  b<;iii^  cutaway  hy  the  purjrh 
or  chisel  ;  ami  llui  wood  carried  out  hy  incan.s  of  the  Mcruw!;it 
workiiiii,  ill  lilt"  punch.  These  rnaehiues  htivo  been  very  succcHflfuily 
worked  on  hard  wood  IVaruin^,  at  the  '"  La^ouda  Works,"  at  Spring- 
ticld,  Ohio,  where  they  were  lirst  applied  to  heavy  work  in  this 
country.  l''or  mortising  plane  stocks  and  window  sash,  and  otlier 
liL'ht  work,  they  answer  a 
i^ood  ]»urposc,  and  avoid 
the  vibration  that  is  com. 
nu)n  to  tlic  reciprocating 
machines. 

l''ig.  1  is  a  side  elevation, 
on  a  scale  of  J.,th,  of  a  mor- 
tising machine  of  tliiskind, 
I'rom  thedcsignsof  the  man- 
ufacturers, ^[essrs.  Allen 
Kansome  &;  Co.,  of  London' 
It  is  built  of  two  sizes, 
weighing  respectively  one 
and  one-half  and  two  and 
one-half  tons. 

Rotary  mortising  ma- 
chines have  as  yet,  in  this 
country,  been  conlined  to 
light  work.  It  is  safe,  how. 
ever,  to  presume  that  they 
will,  in  future,  come  more 
and  more  into  favor  for  the__ 
heavier  class  of  work.  M. 
Perin,    of    Paris,    France, 

makes  a  good  machine  of  this  kind,  which  is  far  superior  to  any 
thincr  of  the  kind  vet  made  in  this  countrv. 


(To  be  continued.) 
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THE  SUEZ  CANAL. 

By  Prof.  J.  E.  Nourse,  U.  S.  N. 

Not  unfrequently  this  work  is  still  spoken  of  as  of  doubtful 
completion,  and  of  yet  more  doubtful  success.  I  offer  the  Journal, 
in  this  connection,  a  statement  ot  facts  from  recent  trustworthy 
sources,  which  may  throw  light  on  the  question.  The  want  of  cor- 
rect information  on  the  part  of  many  may  be  well  understood  when 
one  remembers  the  looseness  of  the  floating  paragraphs  from  time 
to  time  appearing  in  the  papers  of  the  day,  the  admitted  want  of 
complete  success  at  the  date  of  the  opening  of  the  Canal,  in  1869, 
and  the  supposed  want  of  any  important  bearing  on  American  inte- 
rests by  a  work  at  so  great  a  distance  from  us. 

I  say  supjiosed  want  of  importance  to  us  ;  for  it  cannot  be  really 
difficult  to  discover  that  a  route  between  Europe  and  the  Indies, 
saving  half  the  time  and  inconvenience  for  trade  and  travel,  worked 
by  British  capital,  and  urging  on  as  it  does  with  increased  activity 
that  marvellous  substitution  of  steam  for  sails  and  of  iron  vessels  for 
wood  that  is  going  on  all  over  the  world — that  such  a  route  may 
have  a  very  marked  influence  on  American  interests. 

For  the  description  of  the  Canal  as  a  workof  engineering,  I  must 
refer  your  readers  to  the  Engineer  and  to  the  Journal  of  the  Insti- 
tute of  Civil  Engineers,  or,  more  directly,  to  the  lucid  Eeports  of 
La  Compagnie  Universelle,  the  latest  ones  of  which  contain  the  plans 
and  details  of  the  contractors,  Messrs.  Borel  &  Lavalley. 

For  a  short  memoir  of  the  perseverance  of  M.  Lesseps,  and  of  the 
progress  and  inauguration  of  the  Canal,  I  may  be  permitted  also  to 
refer  to  a  pamphlet*  published  last  year,  as  the  statements  therein, 
are  confirmed  by  the  most  recent  authorities.  It  is  worth  noting 
that  M.  Lesseps'  statements  and  promises,  however  flatly  denied  or 
disbelieved  at  the  time  by  his  English  opponents,  have  proven 
themselves  true,  and  are  now  acknowledged  to  have  been  such. 

The  Canal,  according  to  the  London  Times,  is  "  the  event  of 
the  age;"  and  it  is  now  quite  pleasant  for  our  English  friends,  who 
are  getting  it  under  the  control  of  their  money-power,  to  discover 
that  Lesseps  was  not  what  they  called  him,  the  "  false  Higl"  Priest," 

*  The  Maritime  Canal  of  Suez.  J.  E.  Nourse,  U  S.N.  Philps  &  Solomon,  Wasb- 
in2:lon. 
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l).il  u  inic.  Apolli).     TIkj  iVuL'dotn  of  L«)IJ(1«mi  and  iho  rn«<lal  oftho 
KuViil  ( tno^^rapliical  Society  arc  uinoii^  IiIm  witiio- 

1  iiuw  comlciist)  loatliii;;  WwXa  um  clf^.scly  am  |  ~ 

I.   Tin'  lint'  of  th<'  CuiKtl.  -  V*ir\.  SuitJ,  on  lli  '  rranain,  lilt, 

.".1"  .'{'  .'57",  is  joiiii'il  l)y  tliis  louto  willi  iIk;  newly  made  oily  of  In- 
iiuiilin,  on  LiiUo  Tiiiisftli,  liall*  way  across;  and  willi  Sno/,  lat,  2^'' 
.'iS'  ."T",  as  its  li'iniimis  on  llio  Red  Sea.  'i'lie  difilaijco  from  the 
Ii;^litIiousc  al  I'ortSaid  to  Sue/  is  100  kilomotrcH,  about  lOOHtxitutc 
or  88  ;^coj;ra[)liicaI  miles,  of  wlii<li  (!('»  rniles  arc  actual  canal,  and  22 
tnilos  of  tiio  iiavifialion  aro  tliron;^di  ihollirce  Lakes,  Titni^ah  and  the 
Bitter  Tjakes.  Its  breadth  was  ori<rinaIly  planned  to  be  of  the  fol- 
io win*];  dimensions:  the  breadth  to  extend  to  o25  English  feet,  bavin;; 
!i  lloor  72  feet  wide  in  centre,  with  a  depth  of  20  feet,  sloping;  up  2  to 
1,  till  within  T)  feet  oftho  water  surface,  where  the  section  is  f<jr  .Oo 
to  GO  foet,  either  level  or  with  horizontal  benches,  ending  in  slopes 
of  o  to  1.  It  was  to  have  a  water  way,  20  feet  deep  for  a  width 
of  72  feet,  20  feet  deep  for  Oo  feet,  and  15  feet  for  a  width  of 
112  feet.  By  the  Report  of  Commander  Beardslee,  of  the  U.  S. 
steamer  Palos,  which  passed  through  in  -August  last,  these  dimen- 
sions (quoted  from  Captain  Richards'  previous  Report  to  the  British 
Admiralty)  have  been  now  secured.  The  'jares  or  turnouts  have  been 
widened  and  deepened.  The  clayey  nature  of  the  dredgings  and 
the  coarse  grass  which  has  sprung  up  have  made  lirm  banks,  high 
enough  in  most  places  to  prevent  more  than  the  lighter  sand  from 
being  blown  over,  Avliile  the  amount  accumulating  in  a  year  can  be 
removed  in  a  short  time  by  the  dredges.  It  is  to  the  praise  of  the 
inventors  of  these  powerful  machines,  Messrs.  Borel  k  Lavallev, 
that  this  last  statement  is  confirmed  by  a  Report  made  to  the 
Prussian  Government  iu  1S69,  in  wdiich  report  it  is  said  that  one  of 
these  dredges  could  take  out  a  year's  accumulated  sand  "  before 
breaklast."  And,  in  passing,  it  may  be  stated  that  the  largest  are 
110  feet  iu  length,  and  of  75  horse-power,  costing  8100,000. 
Throughout  the  whole  length  of  the  Canal  there  is  a  telegraph, 
with  a  station  and  -a  Semaphore  signal  station  at  each  rjare. 

2.  The  Breahicaters  at  Port  Said  and  Suez. — The  two  jetties  at  Said 
extend  into  the  Mediterranean  69-10  and  6020  feet,  enclosing  an  area 
of  450  acres,  formed  into  a  harbor  of  a  depth  in  the  ship  channel  of 
25  to  28  feet.  These  jetties  consist  of  blocks  of  concrete,  of  22 
tons  each.  Through  the  western  pier — neither  of  them  having 
been  built  solid — the  current  and  westerly  winds  bring  quantities 


240  Civil  and  Mecltanical  Engineerinrj. 

of  silt,  or  deposit  from  the  Nile,  which  is  is  gradually,  though  slowly 
forming  a  bank  within ;  but  this  is  looked  upon  as  a  benefit,  in  the 
way  of  an  additional  breakwater.  It  is  proposed  to  extend  this  pier 
further  into  the  Mediterranean,  till  it  shall  be  over  four  miles 
long,  as  originally  proposed  by  Hawkshaw. 

A  breakwater  at  Suez  protects  the  Canal  from  southerly  winds. 
The  Egyptian  government  have  a  dry  dock  here,  416  feet  long, 
with  a  width  of  entrance  of  78  feet  and  a  depth  over  the  sill  of  22 
feet.  One  of  the  largest  British  frigates  has  been  docked  in  it. 
The  largest  ships  of  the  Peninsular  and  Oriental  Steamship  Com- 
pany can  lie  alongside  in  the  basin  of  the  harbor. 

3.  Approach  to  the  ports  and  passage  through. — Capt.  Richards,  the 
British  hydrographer,  reports  to  the  Admiralty  that,  under  ordinary 
circumstances,  the  approach  to  Port  Said  presents  no  difficulty 
whatever  ;  that  the  navigation  of  the  Red  Sea  cannot  be  said 
to  be  dangerous,  though  tedious  even  for  sailing  vessels,  and 
that  the  maximum  speed  in  passing  through  the  Canal  should 
never,  except  in  the  Large  Bitter  Lake,  exceed  5  miles  an  hour,  on 
account  of  the  safety  of  the  vessel  itself  as  well  as  of  the  banks. 

The  charges  are  10  francs  per  ton,  on  registered  tonnage  (or  ex- 
clusive of  space  occupied  by  engines  and  coals) ;  10  francs  per  head 
for  passengers ;  and  20  francs  for  each  4  inches  over  20  feet  draught 
as  a  pilotage  charge.  The  cost  of  the  Canal,  thus  far,  has  probably 
exceeded  $100,000,000  ;  the  amount  of  dredging  has  exceeded  100,- 
000,000  cubic  yards. 

I  will  close  these  notes  by  quoting  some  of  Captain  Richards' 
Conclusions,  reported  to  the  Admiralty,  and  by  showing  their 
confirmations  by  recent  passages  made  by  large  vessels. 

In  February,  1869,  Captain  R.  used  this  language :  (1)  "  For  a 
certain  class  of  vessels,  this  great  work,  which  must  always  be  a 
monument  of  persevering  energy  and  engineering  skill  as  it  now 
stands,  is  a  convenient  mode  of  passage  from  the  Mediterranean  to 
the  Red  Sea. 

(2.)  "  It  will  be  so  to  a  greater  extent  when  the  works  contem- 
plated are  carried  out,  viz  :  the  deepening  of  the  shallow  parts,  en- 
largement of  the  gares,  and  widening  of  the  curves. 

(3.)  "The  cost  of  maintenance  will  not  exceed  the  estimate  made 
when  the  work  was  first  projected. 

(4.)  "  By  a  different  construction  of  our  transports,  this  highway 
will  be  used  by  them  with  ease." 
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III  ro;!:inl  lo  tlicso  roiiiuiiiiii;;  tlofoctH,  (/oninmiidcr  Bcanlwlco 
npnit.d  t«)  tlin   llnilrtl  St!ili!S    N.ivy   l)«*itaitnuMit  in    *  fol- 

I<i\viii>;:   "I    k'ariKjU  lliuL  all   tlic;  bad  ."puts  \vhicli  ex.  llio 

Canal  in  l-'cbniaiy  liavo  been  coinpletetl  to  the  rc;?ulntion  <lt'plli 
aiitl  witltli,  aii'l  my  own  observations  confirm  the  most  of  the 
statements  niailc  to  me  about  tliom.  'J'hc  steamer  Uoiawaru,  \)2*J'<i 
tons,  ;;80  feet  in  len;^lh  and  o(5  feet  beam, has  safely  passed."  Com- 
maiiil<T  IJeardsleo  madt;  nearly  three  hundred  soundings  on  the  pas- 
sage of  the  Palos;  he  found,  while  these  soundings  were  tal.' u 
within  the  channel,  a  depth  no  wli(!re  less  than  between  2'2  and  1\ 
feet. 

In  further  confirmation  of  ihe  present  state  of  the  Caiiul,  it  may 
be  enough  to  refer  to  any  current  number  of  the  London  Times,  in 
which  will  be  found  shii>ping  notices  of  the  regular  departures  of 
more  than  thirty  lirst-class  steamers  from  London  for  IJombay, 
Calcutta  and  Jajian  by  this  route.  Their  tonnage  varies  from  100() 
to  2200  tons.  One  of  them,  the  ''  F.  iJc  Le.sseps,"  is  advertised  as 
"  under  engagement  with  Lords  of  Admiralty  for  the  conveyance  of 
troops."  The  Austrian  Lloyds  are  also  advertisers  of  a  line  from 
Trieste  to  Bombay;  "fare,  £40,  first-class."  It  is  noticeable  that 
the  larger  number  of  these  vessels  have  been  built  expressly  for  the 
Canal  route,  and,  as  was  to  be  expected,  the  number  of  sailing  ves- 
sels advertised  is  almost  crowded  out  by  these  steamers,  although 
the  clippers  around  the  Cape  advertise  their  having  made  the  pas- 
sage from  Canton  in  OS  davs,  *'  the  shortest  of  the  season" — more 
than  double,  however,  the  time  required  by  the  Suez  steamers.  It 
is  known,  also,  that  an  equal  activity  in  the  steam  lines  exists  at 
Liverpool.  The  Canal  is  reported  by  the  captain  of  the  British 
screw  steamer,  the  Magdala,  recently  arrived  at  Xew  York  through 
this  route  from  China,  as  having  everywhere  a  depth  of  twenty-four 
feet. 

The  passage  of  two  of  the  largest  vessels  of  the  Pacific  Mail 
Steamship  Company  is  a  fair  test  of  the  present  state  of  the  Canal. 
For  the  following  returns  of  the  measurement  of  these  vessels,  and  of 
the  passage  of  the  Arizona,  I  am  indebted  to  Mr.  F.  "W.  Bellows, 
of  the  Company's  Office,  in  Wall  street,  and  to  Messrs.  S.  L.  Mer- 
chant &  Co.,  their  shipping  agents  in  New  York.  Messrs.  Merchant 
are  also  the  agents  for  the  Coal  Depots  at  Port  Said,  Ismailia,  and 
Suez. 

The  Arizona  has  a  length  of  362  feet,  depth  of  hold  30  feet,  beam 
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46  feet.  Her  tonnage  is  2790.  She  passed  tlirough  the  Canal  suc- 
cessfully on  the  26th  and  27th  of  December  last.  Beaching  Tsmailia 
in  ten  hours  from  Port  Said,  she  moored  there  at  night,  and  was 
aided  on  her  remaining  part  of  the  route  by  a  tug,  because  of  the 
high  wind.  The  cost  of  her  passage,  including  that  of  126  tons  of 
coal  at  34  shillings  per  ton,  was,  in  all,  £955  Is.  8d.,  a  saving  in  the 
matter  of  coal  and  of  wear  of  the  vessel,  as  well  as  of  time,  very  de- 
cidedly in  favor  of  the  Canal  over  the  Cape  route.  The  Alaska,  of 
4011  tons,  is  yet  to  be  heard  from,  her  departure  from  jSTew  York 
having  been  but  recent. 

The  U.  S.  Consul  at  Malta,  Mr.  L.  T.  Adams,  has  kindly  furnished 
a  statement  of  the  number,  nationality  and  tonnage  of  vessels  calling 
at  the  port  of  Malta  on  their  way  through  the  Canal  during  the  year 
1870. 

From  Consul  Adams'  registers  at  Malta,  it  appears  that  in  1870, 
201  merchant  vessels,  with  an  aggregate  of  168,068  tonnage,  arrived 
and  cleared  from  Malta  for  the  Canal.  To  these  he  adds  14  men- 
of-war  and  troop  ships,  making  an  aggregate  tonnage  of  175,000. 
Their  nationality  is  very  marked.  Of  the  201  m.erchant-men,  197 
were  English.  The  facts  are  as  striking  in  the  statement,  also  fur- 
nished by  the  Consul,  of  the  whole  number  of  vessels  which  passed 
through  the  Canal  in  1870.  The  entire  tonnage  was  444,211 ;  the 
number  of  vessels  491,  of  which  the  British  numbered  314. 

It  may  be  remarked  that  the  tonnage  of  444,000  would  yield  a 
revenue  of  but  $888,000,  at  the  tariff'  fixed  by  the  original  conces- 
sion of  the  Canal,  viz  :  2  francs  per  ton.  Increasing  this  revenue 
tonnage,  by  the  tariff  for  port  dues,  pilotage,  &c.,  to  the  round  sum 
of  one  million  of  dollars,  we  have  still  a  very  inadequate  return 
during  the  first  year,  so  far  as  the  original  investment  is  to  be  con- 
sidered. If,  hoAvever,  the  canal  revenues  never  repay  the  original 
patriotic  stockholders,  it  will  be  nothing  new  in  the  history  of  all 
such  enterprises.  The  question  is,  whether  the  saving  in  time,  wear 
and  expense  offered  to  trade  by  this  route — owning,  too,  as  the 
Canal  does,  its  dredges  and  large  coal  supplies — it  will  al^tract  the 
full  commerce  of  Europe. 

The  French  political  and  commercial  reverses  are,  at  present, 
acting  unfortunate]}^  on  the  route.  The  Government  subsidj^  has 
been,  of  necessity,  withdrawn  from  the  French  Messageriesjmpe- 
riales  Company.    Notwithstanding  all  this,  M.  de  Lesseps  is  quoted 
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tVoiii  Talis  iis  rffiisiii^  til  truiislcr  tlic; control  of  tlie  (Jan.'il  lo  HritiHli 
li.'iiids. 

Is  it  likclv  llial  ;i  .slircwdur  jiuigiiKMil  could  Ixj  dc-iircd  lliuii  thai 
wliicli  we  liiid  in  lli«'.  Ti'mea,  ho  lon^  the  uiicoiriprcnniMing  ctmrny 
of  tlici  Cimal '.'  In  a  loader  of  !)0(u:tnli(;r  '2i>,  upon  lli«;  Mt.  d-nis 
Till I,  llial  |)a|ti'r  spoak's  tlius: 

"Tlic  M(>(liliMranoan  j)roinisos  to  Ix*  a^ain  iho  chief  higliway  of 
the  wiuld's  <'(tniniorcc.  Tlio  Ml.  Ci-nis  Tunn'-l  and  Suez  (Janal  liavc 
a  close  relation.  The  lar  KasL  is  n(j\v  certain  to  eomtnunicato  with 
Mnropo  by  the  lied  Sea  and  the  Mediterranean.  Already  [(a.ssenger 
trafTic  passes  almost  wholly  that  way,  and  no  one  can  say  how  much 
of  the  bulk  of  conuncrcc  may  follow.  Nfar.seille.s,  with  its  new 
streets  of  grand  and  costly  buildings,  and  harbors  full  of  .shipping, 
showing  the  revival  of  a  decayed  city  by  the  commerce  of  this 
route,  and  Trieste,  which  has  become  tlie  southern  port  of  Central 
Europe,  are,  both  of  them,  still  behind  Brindisi,  in  Italy,  in  advan- 
tageous position  for  communication  with  Port  Said  and  Alexandria."' 

The  Suez  Canal,  then,  considered  impartially  from  every  point  of 
view,  as  an  accomplished  fact,  presents  itself,  to  the  engineer,  the 
merchant  and  the  historian,  as  one  of  the  three  events  of  the  age  :  a 
grand  monument  of  engineering  skill;  a  conquest  over  nature,  to 
open  up  intercourse  and  civilize  the  races  of  the  East,  long  barred 
out  by  the  desert ; — one  in  the  trio  joining  hands  with  the  American 
Eailroad  and  the  Ocean  Cable,  to  bind  man  to  man. 


CORNISH  ENGINES. 

By  W.  H.  G.  West,  U.  S.  N. 

(Conclucled  from  page  180.) 


Ox  page  2-il,  first  paragraph,  Mr.  Birkinbine  quotes,  and  ques- 
tions the  truth  of  a  part  of  my  paper  upon  the  performances  of  en- 
gines, having  reference  to  weight  of  moving  parts,  but  he  follows 
it,  immediately,  with  a  re-statement  of  the  thing  he  is  looking  for. 
In  the  July  number  for  1868,  page  34,  Mr.  Henderson  says  :  "  As 
a  further  proof  of  the  advantage  of  a  heavy  moving  mass,  it  has 
been  found  in  practice  that  "  Bull"  engines  are  invariably  inferior 
in  duty  to  the  beam  variety,  and  that  the  latter  description  vary  in 
their  duty  in  proportion  to  the  amount  of  metal  distributed  in  the 
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Tnoving  jjarts.  There  are  other  statements  of  the  same  character, 
if  Mr.  Birkinbine  thinks  it  necessary  to  find  them. 

Mr.  Birkinbine's  "  valuable  consideration,"  page  241,  the  possible 
high  degree  of  expansion,  because  of  immense  weight,  is  singular, 
and  perhaps  entertaining,  when  we  know  that  our  best  engine,  that 
of  the  Easton  Water  Works,  cut  off  at  two-thirds  (f )  of  the  stroke, 
(March,  1870,  page  156,)  or  expanded  to  one  and  a  half  (IJ)  vol- 
umes, while  a  rotative  pumping  engine  of32-inches  diameter  cylin- 
der and  9  feet  stroke,  designed  and  built  by  the  same  engineer,  was 
working  in  the  Bethlehem  zinc  mine,  and  cutting  off  at  7  inches,  or 
expanding  to  fifteen  and  a  half  (15|)  volumes.  The  distances  ex- 
panded through  are  one  (1)  of  the  Cornish  engine  to  twenty-nine 
(29)  of  the  rotative — 29  to  1  against  Mr.  Birkinbine.  This  is  my 
argument  against  excessive  weight,  in  moving  parts,  to  render  a 
high  degree  of  expansion  possible. 

In  dealing  with  the  portion  of  Mr.  Birkinbine's  paper  v/hich  treats 
of  steam  jacketing,  I  beg  permission  to  remind  him  that  the  tlieo- 
ries  of  thegentlemen  to  whom  he  refers  are  built  upon  that  splendid 
practice  which  so-called  practical  men  are  ever  trying  to  approach. 
Eidicule  of  their  perfections  is  no  argumentinfavor  of  bad  practice. 

I  have  never  heard  of  a  steam  jacket  giving  trouble,  but  it  may 
be  expected  to  do  so  in  engines  otherwise  badly  designed. 

The  vapor  remaining  in  the  condenser  of  an  engine  should  not  be 
over  90  degrees.  The  temperature  will  always  be  less  than  that 
which  corresponds  with  the  vacuum,  as  the  latter  is  invariably  im- 
paired, to  some  extent,  by  the  presence  of  thfe  air  which  enters 
through  joints  and  stuffing  boxes,  and  with  the  water. 

I  do  not  agree  with  Mr.  Birkinbine  about  his  miracle,  j^age  242. 
The  man  who  made  the  experiment  was  not  an  engineei',  as  I  un- 
derstand the  word,  but  he  was  one  of  the  attendants  who  made  the 
130,000,000  with  the  same  engine.  The  circumstance  was  related 
to  me  by  the  designer  of  the  Easton  engine.  He  had  already  pro- 
fited by  the  lesson. 

The  second  paragraph  of  page  240  states  that  few  Cornish  en- 
gines use  steam  above  45  -f  atmosphere. 

On  page  374,  December,  1868,  Mr.  Henderson  says,  "  Upon  in- 
vestigation I  find  that  from  sixty  to  seventy  pounds  of  steam  is.  not 
an  unusual  pressure  used  in  the  Cornish  engine  where  a  high  degree 
of  expansion  is  emploved."  (J  ?)  In  this  instance  Mr.  Birkinbine 
js  correct, 
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IiMim.-iliaLcly  lolliiwiii;.^  tliu  :i1)ovc  Mr.  HirkiiibiiicuiikMaiiiiiguIurly 
.straiigo  (|Uoslit»ii,  "  Wy  muiiilaiiiiiig  jipruH.surc  au()icumthj  above  thin 
ill  llio  boiler  to  coiiiilcrac-t  tlio  loss  of  liojit  from  various  cauHca  in 
working  slcaiii,  may  not,  all  tin'  bcnclits  of  a  jarkct  be  Hccun;«i  in 
lliis  way  ?" 

All  tlio  lioal  in  tlio  sun  ooiild  nul  do  it  in  thus  way. 

Wo  admit  steam  for  a  moment;  it  is  tlien  cut  olV  from  the  boiler, 
leaving  no  communieation  whatever  ;  it  is  cxiianded,  in  an  instance 
hero  given,  over  fourteen  times;  all  the  particles  of  steam  ex 
panding  at  the  same  time,  and  undergoing  a  reduction  of  tom[)era- 
lure  simultaneously.  No  one  ])artielc  can  superheat  another  with- 
out losing  its  own  heat,  or  we  liavc  perpeti^al  moti(ni.  The  high- 
pressure  steam  must  enter  into  the  cylinder  to  produce  any  good 
cHeet.  The  expansion  must  be  of  a  higher  grade,  and  the  condensa- 
tion during  expansion  will  be,  therefore,  greater.  The  condensation 
by  radiation  will  be  greater,  because  the  difference  of  temperature 
will  be  increased.  The  leaks  caused  by  unequal  temperatures  and 
the  expansion  of  metals,  etc.,  will  be  augmented.  Leaks,  such  as 
that  between  the  piston  and  cylinder,  will  be  greater,  and  will  in- 
crease much  faster,  by  the  use  of  high  steam,  and,  generally,  the 
losses  will  be  multiplied  to  a  great  extent. 

nigh  steam,  if  not  too  high  for  the  modifications  imposed  by  im- 
perfect practice,  is  more  economical  than  low  steam;  but  the  above 
named,  and  other  losses,  increase  with  the  pressure  of  saturated 
steam,  and  most  of  them  with  the  temperature  of  superheated  steam. 
A  steam  jacket  reduces  them  to  a  minimum.  High  steam  increases 
them  to  a  maximum.  If  we  fail  to  give  them  due  consideration  in 
designing,  we  do  so  much  to  diminish  the  duty  or  efficiency  of  the 
engine. 

No  point  of  superiority  should  be  neglected,  however  small  it 
may  appear  to  be.  Small  defects  neglected  will  finally  destroy  the 
efficiency  of  any  engine.  It  takes  but  few  small  leaks  to  make  a 
large  one.  Cornish  engines  invariably  use  a  lantern  brass  to  keep 
the  i^iston  rod  stuffing  box  tight,  A  little  steam  is  admitted  to  it, 
and  the  air  is  thus  kept  out.  Such  is  their  extreme  care.  Mr.  Bir- 
kinbine,  neglecting  the  leak  of  the  piston,  says  that  I  am  theoreti- 
cally correct,  but  that  practically  it  is  unworthy  consideration. 

TJieory  says  the  expansion  or  leak  in  one  case  is  'l-inch.  Mr.  Bir- 
kinbine  says  that  in  practice  it  is  not  more  than  '01,  but  he  gives 
no  authority ;  he  simply  guesses  at  it.     Taking  perfection,  he  adds 
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•9  to  it  for  practice.  Other  engineers  take  '9  from  it,  and  are 
well  satisfied. 

The  engines  tested  in  the  American  Institute,  of  New  York,  were 
small,  high-pressure  engines,  with,  in  all  probability,  a  low  grade  of 
expansion,  and  with  everything  in  favor  of  the  unjacketed. 

For  the  same  powers  developed,  or  combustible  consumed,  the 
radiating  surface  of  the  cylinders  would  be  about  one  (1)  of  the 
high  pressure  to  six  (6)  of  the  Cornish  engine  cylinder. 

The  rapidity  of  the  alternations  of  pressure,  and,  therefore,  of  the 
temperatures,  would  make  the  mean  difference  of  temperatures 
much  less  in  the  rotative  than  in  the  Cornish  engine,  and  the  con- 
densation by  radiation  would  consequently  be  less. 

The  difference  of  diameters  of  the  ends  of  the  cylinders  must  be 
considerable  in  the  large  and  long  cylinder,  while  it  is  very  little 
in  the  small  one.  Indeed,  the  whole  experiment  referred  to  by  Mr. 
Birkinbine  is  utterly  worthless,  as  it  stands,  so  far  as  large  Cornish 
engines  are  concerned. 

As  Mr.  Birkinbine  insists  upon  throwing  aside  all  experimental 
data  obtained  by  our  most  celebrated  physicists,  and,  with  equal 
independence,  determines  to  ignore  the  centuries'  practice  of  the  best 
practical  mining  and  mechanical  engineers  that  have  ever  given  at- 
tention to  the  pumping  of  water,  there  is  little  profit  to  be  obtained 
by  discussing  the  steam  jacket,  if  our  object  is  to  convince  him  only 
that  it  is  a  benefit. 

I  regret  that  Mr.  Birkinbine  is  responsible  for  the  West  Phila- 
delphia "  twins"  (the  "  Bulls"),  and  that  I  did  not  know  he  was  re- 
ferring to  the  Canal  engine,  but  I  am  delighted  to  hear  that  they 
produced  an  average  duty  of  over  600,000  foot-pounds  for  a  whole 
month.  When  I  saw  them  working  there  was  evidently  something- 
wrong  with  the  pumps.  It  appeared  as  if  the  passages  from  the 
well  to  the  pump  cylinders  were  too  small,  so  much  so  that  the 
water  cylinders  were  only  about  half  full  when  the  equilibrium 
valves  opened.  The  moving  parts,  with  all  the  load,  then  dropped 
through  half  the  stroke  without  meeting  water,  and  of  course  were 
brought  to  with  a  violent  shock.  That  is  a  strange  way  to  reduce 
the  supply  of  water,  and  I  think  one  may  be  pardoned  for  regarding 
it  with  wonder.  Other  engines  would  run  about  half  the  speed  to 
do  half  the  work. 

As  Mr.  Birkinbine  went  to  Loudon  and  saw  for  himself  that  the 
engines  of  that  city  averaged  but  a  dot}-  of  600,000  foot-pounds,  we 
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aro  iiocossiirily  ctinviiKcil  llmt  our  CorniMh  uiigiiiuM  uro  much  Wetter 
than  llii)  Kiigli.sli  ;  tlioir  liiriioiis  WickHtccU  engine  doing  aUoul 
'J7,()<H),(»00  loss  tljaii  tin;  licrclororc  uiilicanl  of  Ku.sIom  engine,  Mr, 
llonder.soii  sny.s,  pa^^o  l')!,  March,  1870,  •'The  Corniwh  cnginen  of 
iliis  couiitrv,  for  n  varit^ty  of  reasons,  aro  not  cfjual  to  thoMc  in 
KnghmU," 

How  aro  tlu'si-  .siai>Miii-iit ^  io  m;  reconciled? 

Infortunatcly,  for  u.><,  .Mr.  llondor.son  is  right. 

If,  as  Mr.  Henderson  says,  there  aro  engines  running  which  give 
a  lower  duty  than  theKvans  high-pre.ssure  <;ngine,  their  owners  will 
do  well  to  present  them  to  their  enomics.  Tlu-y  are  not  a  crodil  to 
America,  and  are  entirely  new  to  me. 

In  regard  to  the  interference  of  civil  engineers  with  matters  ap- 
jtortaining  to  another  and  entirely  separate  branch  of  engineering, 
1  take  the  liberty  of  .stating  that  the  designers  of  all  the  be.st  engines, 
of  all  kinds  and  descriptions  ever  produced,  are,  and  have  been, 
mechanical  engineers.  The  best  pumping  engines  ever  built  in 
England  and  America,  the  Fowey  Consols  and  the  Kaston  engine, 
were  designed,  built  and  erected  by  men  who  never  did  anything 
in  the  way  of  civil  engineering,  and  who  are  content  to  spend  their 
lives  in  mastering  a  single  profession — mechanical  engineering. 

The  "  skilled  mechanic"  of  the  workshop  has  no  more  to  do  with 
making  a  machine  than  a  strong  laborer  has  to  do  with  building  a 
railroad,  a  bridge,  or  an  aqueduct. 

When  the  mechanic  can,  with  profit,  be  put  into  the  office  of  the 
mechanical  engineer,  the  common  miner  may  take  the  place  of  the 
geologist ;  the  furnace  man  may  occupy  the  chemist's  laboratory  ; 
and  the  sexton  may  supersede  the  bishop.  Many  people  attempt 
this  thing,  and  the  man  who  is  so  falsely  and  unfairly  placed  is  only 
too  glad  to  throw  the  blame  of  failure  upon  the  American  mechanic, 
when  it  is  all  caused  by  his  ignorance  of  the  true  principles  of  de- 
sign, and  the  desire  of  his  employers  to  save  a  few  hundreds,  while 
they  unconsciously  lose  thousands.  So  far  is  this  misplacement 
carried,  but  still  farther  would  !N[r.  Birkinbine  take  it  by  trying  to 
force  one  man  to  learn  two  professions,  "while  our  leading  engineers, 
civil  and  mechanical,  are  satisfied  to  do  less  than  master  one. 

The  "  question"  has  led  to  a  long  discussion,  which  now  narrows 
to  the  point  at  which  we  may  ask  who  is  right  and  who  is  wrong. 
If  Mr.  Henderson  is  right,  his  advice  should  be  followed,  but  it  must 
not  be  forgotten  that  his  advice  is,  in  efifect,  to  build  a  Cornish  en- 
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gine,  good  or  bad,  and  it  must  beat  every  otlier  of  a  different  type, 
and  equal  any  of  its  own  type.  If  he  is  wrong,  tbe  proper  course 
will  present  itself  to  our  readers. 

No  one  Las  questioned  tlie  correctness  of  any  of  the  reasons  given 
in  my  paper  of  October,  1868  ;  they  have  but  defended  those  given 
by  Mr.  Henderson. 

Marine  engineers  invariably  insure  a  certain  effect ;  generally  a 
certain  speed  for  a  certain  amount  of  coal,  of  known  quality,  con- 
sumed, and  a  certain  space  occupied  by  machinery,  boilors,  etc. 
There  is  no  such  argument  known  as  that  hecause  it  is  a  marine  en- 
gine the  ship  must  go  at  a  high  speed.  No  Cornish  engineer  will 
say  that  because  a  Cornish  engine  is  a  Cornish  engine,  it  will  pump 
a  great  deal  of  water  by  the  consumption  of  a  comparatively  small 
quantity  of  coal.  Its  correct  design  and  construction  do  the  supe- 
rior duty. 

Those  advocating  Mr.  Henderson^s  views  will  be,  and  have  been, 
of  course,  governed  by  those  views  in  building  engines.  Individ- 
uals, companies  and  corporations  requiring  Cornish  engines  can 
procure  them,  at  high  prices,  from  the  gentlemen  so  governed,  but 
let  them  prepare  to  be  astonished,  for  as  long  as  they  can  be  called 
Cornish  engines,  whether  they  are  remarkably  good  or  miserably 
bad,  the  reasons  given  by  Mr.  Henderson,  and  followed  in  con- 
struction, will  prove  them  better  than  any  other,  and  will  also  prove 
that  all  Cornish  engines  will  do  the  same  duty — this,  in  the  face  of 
the  fact  that  one  Cornish  engine,  built  in  America,  does  94,000.000, 
while  another  does  so  little  duty  as  to  be  unworthy  of  mention  in 
the  same  breath  with  high  pressure  engines. 

The  owners  of  the  Canal  Cornish  engine,  having  read  Mr.  Hen- 
derson's  reasons,  must  feel  rather  perplexed  at  finding  their  engine 
proved  to  be  a  very  excellent  machine,  after  all  the  trouble  they 
have  had  to  keep  it  supplied  with  coal. 

Cornish  engineers  have  been  experimenting  and  improving  for 
scores  of  years  ;  they  have  produced  this  130,000,000  duty.  More 
scientific  men  have  been  experimenting  during  the  same  time,  and 
have  come  to  the  same  conclusions.  I  but  repeat  what  I  have 
learned  from  them.  I  draw  attention  to  the  principles  whicb  they 
have  established,  and  which  govern  the  construction  of  machines  in 
general,  but  which  have  been  almost  entirely  neglected  in  the  de- 
sign of  our  Cornish  engines.  Singularity  of  appearance  seems  to 
have  been  the  aim,  and  many  a  good  shot  has  been  made,  but  few 
ffood  ensfines. 


Snnh'i/  of  ihi-  Xintni'/iKi   I'lmtr  for  n  S'hi/>  (''inul.  21iJ 

The  cnuMos  to  wliicli  I  s.iy  thf  -JiijxTioritv  of  tlio  CorniMh  engine 
is  diH'  ;iro  not  ptncly  thronHifal,  tlioy  I'onuj  lu  us  from  lhi«  h'-Kt 
piactii'c.  Keeping  tluMii  before  iih  we  ean  »nnke  enginen  of  eorreel 
j)rt)|)orli()M,  and  that  is  what  tlie  engineers  of  Cornwall  learned  to 
do  i)\  llu'ir  lon;^  |>i.u'tii;»'.  All  good  engincer.s of  our  day  huHe their 
Lalculalions  uj)on  the  results  obtained  from  this  and  other  exj)eri- 
iMice,  at  the  risk,  it  apprnrs.  of  bciii'j-  c'lllrd  thforftirnl.  vet  iIk-v 
are  successful. 

If  any  of  our  readers  feel  sunicieni  interest  in  thi.->  di.«>(;u.ssion  to 
take  the  papers  written  on  the  subject  to  some  engineer  who  has 
built  a  real  Cornish  engine,  doing  good  duty,  say  the  builder  of  the 
Kaston  engine,  at  Bethlehem,  Pa.,  question  that  gentleman,  and  com- 
pare bis  answers  with  the  views  we  advocate,  we  .shall  know  the 
truth,  and  shall  have  the  satisiaction  of  seeing  a  change  for  the 
better  wrought  in  the  design  and  construction  of  the  pumping  en- 
gines of  America. 

This  is  not  a  simple  or  unimportant  matter.  It  involves  immense 
gains  or  losses.  Where  the  Oliver  Evans  engine  raises  one  pound 
a  foot  high,  the  Cornish  engine  raises  more  than  six  and  a  half 
pounds  a  foot  high.  The  people  of  Philadelphia  pay  S6'50  for 
pumping  water,  while  Cornish  mining  companies  have  paid  as  little 
as  SI,  if  duties  are  reported  correctly.  If  we  doubt  one,  we  m.ust 
doubt  all. 

The  people  of  West  Philadelphia  pay  SI  fur  water,  while  the 
people  of  Easton  pay  but  70  cents,  as  shown  by  the  duties  reported 
bv  Mr.  Henderson  and  Mr.  liirkinbine. 

Callao,  Peru,  Jtilv  2.3tli,  ISTO. 


SURVEY  OF  THE  NICARAGUA  ROUTE  FOR  A  SHIP  CANAL 

By  Col    O.  AV.  Guilds,  C.  K. 
(Continued  from  page  29.) 

It  will  be  seen  by  reference  to  the  profiles  of  those  portions  of 
the  river  occupied  by  the  canal,  that  the  increase  in  the  length  of 
the  cuts  through  the  bars  which  a  greater  depth  than  that  upon 
which  the  estimates  are  based  would  involve,  consequently  the  ra- 
tio of  increase  of  the  expense  of  the  canal,  would  be  very  great. 
Any  considerable  increase  to  the  depth  would  require  under-water 
excavations  between  the  lake  and  the  Toro  Rapids,  a  distance  of 
about  27  miles,  to  be  almost  continuous :  it  would  very  much 

Vol.  LXI.— Third  Series.— No.  4.— April.  1871.  32 


250  Civil  and  Mechanical  Engineering. 

lengthen  the  cuts  on  other  portions  of  the  river,  and  the  liability 
of  these  artificial  channels  to  receive  deposits  of  earth  to  such  an  ex- 
tent as  to  obstruct  the  navigation,  would  be  ver}^  mncb  greater. 
On  the  inland  portions  of  the  canal  a  depth  of  22  feet  of  water, 
which  is  about  equal  to  the  greatest  draught  of  the  largest  mer- 
chant sailing  vessels,  would,  with  50  feet  bottom  width,  give  a 
transverse  water  section  about  45  per  cent,  greater  than  a  depth  of 
17  feet  with  the  same  bottom  width  ;  and  the  expense  of  the  inland 
portions  would  also,  by  reason  of  the  greater  depth  of  excavation, 
be  increased  in  a  still  higher  ratio. 

The  advances  in  improvements  of  model  are  such  as  are  deemed 
sufficient  to  justify  the  belief  that  vessels  of  a  burthen  as  great  as 
before  stated,  n\a.j  be  so  constructed  as  to  navigate  the  canal.  The 
steam  ship  jSTorthern  Light,  recently  built  of  the  greatest  strength, 
for  general  sea  service,  is  of  recent  improved  model,  and  excellent 
finish;  the  dimensions  of  this  splendid  steamer  are  such  as  would 
permit  her  to  pass  with  full  freight  througb  the  locks  and  the 
canal,  and  her  burthen,  as  stated  by  the  proprietor,  is  about  2,200 
tons.  It  is  not  known  that  there  are  any  steam^  ships  plying  be- 
tween the  Atlantic  States  and  the  eastern  coast  of  the  Pacific,  that 
have  a  draught  as  great  as  17  feet. 

Of  261  steam  vessels,  principally  English,  the  largest  portion 
with  side  wheels,  and  the  remainder  screw  propellers,  as  given  in 
Murray's  treatise  on  marine  engines  and  steam  vessels,  only  15 
draw  over  17  feet  of  water,  21  have  17  feet  draught,  and  285  draw 
less  than  17  feet,  eacb  at  load  line. 

To  construct  the  canal  of  dimensions  capable  of  admitting  the 
passage  of  vessels  of  the  largest  draught  now  in  use,  of  which  there 
are  comparatively  so  few,  or  by  which  it  would  be  so  little  used,  and 
under  circumstances  of  so  much  greater  cost,  while,  as  is  believed, 
merchant  vessels  of  equal  tonnage  and  less  draught  may  be  so  con 
structed  as  to  be  well  adapted  to  sea  service  and  the  passage  of  the 
canal,  would  appear  to  be  an  injudicious  application  of  means, 
which,  as  is  supposed,  your  company  would  scarcely  favor,  or  the 
intersest  of  commerce  require.  The  dimensions  before  given  were 
therefore  planned  and  made  the  basis  of  the  estimates  with  due  con- 
sideration of  the  disparity  in  cost  and  general  utility,  of  a  canal  of 
larger  dimensions,  and  with  a  view  to  practicability  as  referable  to 
cost  of  construction,  usefulness,  and  a  fair  remuneration  for  capital 
invested. 

This  canal,  as  projected,  is  of  much  greater  dimensions  than  an^- 
hitherto  constructed  in  this  country.  If  we  except  that  of  the 
Chesapeake  and  Delaware,  Avhich  has  10  feet  depth,  the  largest 
known  on  this  side  of  the  Atlantic,  and  most  similar  to  that  under 
consideration  in  respect  to  connecting  natural  with  artificial  navi- 
gation, are  those  in  Canada  East,  by  which  the  navigation  is  ex- 
tended past  the  rapids  on  the  St.  Lawrence  Eiver,  and  the  Welland 
canal  in  the  Western  Province,  connecting  the  navigation  of  lakes 
Ontario  and  Erie. 


Sdn^ii/  III'  thr  jVicnraifiia  Jiou/r  /'or  n  Sliijt  Cnnnl.  2r*l 

'I'lui  t';iii:il~  «<)iiii<;cliii;^  llir.  \\;\\\)ii\.\)\r.  poilioiiM  of  thc  St,  Law- 
rt'iHio  willi  catli  i.ilior  an*  7  in  iiuinlx-i,  varviii;.;  in  1«mj^IIi  from  'J 
to  IH  mill's,  witli  nii  aj^^rc^'atr  l<Mi^'tli  of  41  niilox,  'I'Im^v  are 
f)!)  ft>(a  wide  al  bottom,  and  1H>  feet  at  .siirfac*.'  \val(M"  Urn',  ••xoejiling 
that  at  ]ioiiuliarnois  11  |  inil<;y  in  Icnj/th,  wliicli  i.s  >iO  feet  at  bot- 
tom, and  120  at  top,  uikI  that  at  Cornwall  1 1 .1  miles  long,  having 
a  bottom  width  of  1(M»  fcrt,  and  a  snrfacf;  widtii  of  loO  f«;ot.  The 
locks  art^  27  in  ninubcr,  of  whi(di  20  atv;  200  fert  in  If-nj/th  bi-twecn 
the  gates,  and  If*  feet  in  width  of  ehambcr,  and  7  on  the  (.'ornwall 
canal,  liavo  thc  same  length  and  of)  feet  widtli  of  chamljcr.  All  of 
the  locks  have  J)  feet  depth  of  water  on  the  mitre  hIIIs,  excepting  2 
which  liavc  a  deptli  of  10  feet. 

The  Wclland  canal  is  2>'S  miles  long,  -iS  feet  wide  at  bottom,  an<l 
71  leet  at  top,  e.\cej)t  a  small  jiortion.  whicli  is  4r»  j'eet  in  })ottom 
widtli,  and  81  feet  at  thc  surface. 

The  locks  on  the  former  portion,  24  in  number,  are  loO  by  20A 
feet,  and  on  the  latter  portion,  o  in  number;  they  are  200  by 
45  feet  in  dimensions  of  chamber,  all  have  nine  feet  of  water  on 
the  sills.  Thc  whole  fall  from  Lake  i\rie  to  tide  water  at  Three 
Rivers  on  the  St.  Lawrence  is  564^  feet,  of  wbicli  o;^,6|  is 
made  by  o4  lock,  the  remainder  27^'  by  natural  descent  of  the 
river.  The  aggregate  length  of  the  inland  canal  is  60  miles,  and 
the  whole  distance  from  Lake  Krie  to  Three  Rivers  is  about  4?>0 
miles. 

Sea-goiug  vessels,  carrying  350  tons,  pass  these  canals.  Although 
steamers  and  other  sea-going  vessels  of  much  greater  burthen  pass 
on  the  St,  Lawrence  canals,  yet  owing  to  the  want  of  a  greater 
depth  of  water,  they  are  understood  to  be  limited  to  the  above  bur- 
then. The  extreme  load  of  vessels  adapted  to  the  navigation  of 
the  Welland  canal  and  the  lakes  is  400  tons  of  freight. 

The  Caledonian  canal,  forming  a  navigable  connection  for  ships, 
between  the  east  and  west  side  of  Great  Britain,  probably  approaches 
in  its  dimensions  and  capacity,  nearer  to  those  proposed  for  the 
ship  canal  between  the  Atlantic  and  Pacific  Oceans,  than  an}- other. 
This  communication  extends  across  the  central  portions  of  Scotland 
from  Loch-Eil.  connecting  with  sea  on  the  westerly  side  to  Loch- 
Beauly  or  Murrayfrith,  an  arm  of  the  sea  on  the  easterly  side.  It 
has  a  length  of  about  59  miles,  of  which  2\\  is  constructed  inland, 
and  37|  is  a  navigation  through  the  four  lakes  named  in  the  order 
they  occur,  from  .West  to  East  Lochy,  Oich,  Xess  and  Doughfour. 
originally  of  difierent  elevations.  The  surfaces  of  Loch-Oich  and 
Loch-Lochy  now  conform  to  the  surface  of  the  summit  level  of  the 
canal;  in  construction,  the  former  about  3f  miles  in  length,  was 
extensively  dredged  to  obtain  the  requisite  depth  for  navigation, 
and  the  surface  of  the  latter  about  9  miles  in  length,  was  raised  12 
feet  to  lessen  the  depth  of  excavation  through  the  summits  between 
that  lake  and  the  western  termination  of  the  canal.  Extensive 
dredgings  were  also  made  in  carrving  the  canal  through  Lake 
Doughfour. 
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The  canal  is  50  feet  wide  at  bottom,  110  feet  at  the  surface  water 
line,  and  20  feet  deep.  It  has  24  locks,  with  chambers  40  feet 
wide,  and  172  feet  in  length.  Its  summit  is  90  feet  above  the  west, 
and  94  feet  above  the  east  sea,  and  the  descent  is  made  by  12  locks 
on  either  side. 

Lake  Ness  has  a  length  of  about  20  miles,  and  together  with  the 
two  lakes  on  the  summit  level  are  subject  to  changes  of  some  6  to 
8  feet  in  their  elevation  by  flood  and  drought.  These  flood  waters 
are  without  difficulty  retained  for  use  or  otherwise  disposed  of  as 
the  circumstances  of  navigation  require. 

This  canal  is  similar  then  to  that  projected  in  Nicaragua,  in  its 
summit  lake,  from  which  in  botli  directions  it  derives  its  supply  of 
water,  in  the  amount  of  its  lockage,  its  dimensions,  and  in  its  fre- 
quent cbanges  from  inland  canal  to  the  adoption  for  purposes  of 
navigation,  of  larger  waters,  and  as  also  indicated  from  its  history, 
(see  Encyclopsedia  Brittanica,)  the  country,  if  we  except  climate,  pre- 
sented physical  features,  involving  greater  difficulties  in  its  con- 
struction. 

That  canal  was  constructed  previous  to  the  introduction  of  steam 
as  a  motive  power  for  sea- going  vessels,  and  was  designed  for  mer- 
chant vessels  and  vessels  of  war,  of  the  dimensions  of  a  o2-gun 
frigate. 

The  locks  as  designed  for  the  Atlantic  and  Pacific  Ship  Canal, 
are  large  in  their  horizontal  dimensions ;  they  will  admit  of  the 
passage  of  a  large  class  of  steamships,  which,  as  a  means  of  transit, 
from  their  annually  increasing  numbers,  appear  to  be  rapidlv  grow- 
ing in  favor. 

The  main  advantages  to  be  realized  by  the  use  of  the  Nicaragua 
canal  is  the  saving  of  distance  and  time,  in  making  a  passage  be- 
tween the  two  oceans ;  these  being  primary  causes  of  the  extension 
of  commerce,  will  in  the  present  instance,  produce  benefits  to  be 
participated  in  by  a  large  portion  of  the  people  of  the  globe.  A 
knowledge,  therefore,  of  this  saving,  to  be  effected  by  a  passage 
through  the  ship  canal,  in  making  voyages  between  important  com- 
mercial ports  of  the  two  continents,  as  well  as  between  those  on 
opposite  sides  of  this,  becomes  interesting. 

The  following  statement  shows  the  distance  between  the  several 
places  named  as  measured  on  Mitchell's  map  of  the  world,  Merca- 
tor's  projection,  and  the  difference  in  the  distances  between  said 
places,  by  the  w^ay  of  Cape  Horn  and  the  proposed  canal ;  also  the 
time  estimated  to  be  required  to  make  the  voyages  by  steam 
and  sail  vessels,  and  the  estimated  difference  between  the  two  routes, 
in  the  time  of  making  said  voyages,  admitting  the  steam  to  be  uni- 
form (except  on  the  canal)  throughout  the  several  parts  of  the  route, 
and  to  be  for  the  steamer  at  the  average  rate  of  280  miles,  and  for 
sail  vessels  110  miles  per  day,  and  on  the  canal  ,at  rates  the  same 
as  before  stated. 
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Tlie  sailing  clistance.-^,  and  the  time  occupied  by  sail  vessels  in 
making  outward  and  homeward  voyages,  would,  on  account  of 
l)revailing  winds  and  currents,  be  liable  to  difter  widely  from  each 
other,  and  from  those  given  in  the  above  statement,  which  are  in- 
tended to  represent  the  time  averaged  for  the  outward  and  homc- 
Avard  voyages  rather  than  the  actual  time  of  either.  In  the  case  of 
steamers,  the  dilYerencc  would  be  much  less,  and  the  time  estimated 
to  be  occupied  by  both  steamers  and  sail  vessels,  averaged,  as  above 
stated,  for  the  out  and  return  voA'age,  is,  uoon  the  basis  assumed, 
believed,  nearly  to  be  correct. 

(To  be  continued.) 


IRON  MANUFACTURES  IN  GREAT  BRITAIN. 

THIRD     PAPER. 

By  E.  H.  Thurstox. 
First  Asst.  Eng.,  Aist.  Prof.  Nat.  Philo?.,  U.  S.  X.  A.  ;  Membciof  the  Institute. 

Irox  making  is  the  most  important  branch  of  British  manufac- 
tures. With  the  engineer  it  derives  special  interest,  not  only  from 
this  circumstance,  but  from  the  fact  that,  having  been  usually  the 
first  to  adopt  new  methods  and  to  originate  new  devices  in  iron 
making,  we  naturally  expect  to  find  in  British  practice  much  that 
is  instructive,  and  look  up  to  British  makers  as  our  tutors  in  the 
art. 

In  the  year  1740,  at   which  time  smelting  with  coal  had  been 
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quite  extensively  introduced  by  Lord  Dudley's  successors,  the  pro-' 
duction  of  cast  iron  from  the  59  furnaces  of  Great  Britain  was  re- 
ported at  17,350  tons.  The  rapid  growth  in  production,  during  the 
hundred  and  thirty  years  that  have  since  elapsed,  to  the  present 
annual  figure  of  5,500,000  tons,  is  largely  owing  to  the  convenient 
proximity  of  the  British  ores  to  the  coal  beds  which  furnish  the  fuel 
with  which  they  are  smelted,  and  the  source  of  the  wealth  and  pros- 
perity of  the  British  Empire  is  readily  found  in  the  intelligence  and 
industry  with  which  such  exceptional  advantages  have  been  im- 
proved. 

One  of  the  most  extensive,  and  certainly  the  most  prosperous  and 
interesting  of  iron  making  localities  in  Great  Britain,  is  the  now 
celebrated  Cleveland  district  in  Yorkshire,  along  the  valley  of  the 
Tees. 

Twenty  years  ago  this  region  was  a  barren  moor,  known  in  the 
neighboring  counties  as  an  excellent  range  for  the  sportsman,  and 
ten  years  ago,  Middlesborough,  its  river  port,  was  a  village  of  7000 
inhabitants,  but  the  discovery  of  the  ores  of  the  Cleveland  hills  pro- 
duced a  wonderfully  rapid  change,  and  now  about  one  hundred  fur- 
naces are  in  blast,  and  quite  anumber  are  in  process  of  construction 
in  this  district,     Middlesborough  contains  to-day  25,000  people. 

The  blast  furnaces  of  the  district  are  remarkable  for  their  great 
size  and  their  economy.  Through  the  kindness  of  furnace  propri- 
etors and  managers,  we  were  enabled  to  examine  the  majority  of 
furnaces  situated  near  Middlesborough-on-Tees,  and  found  much 
that  was  interesting  and  instructive  in  details  of  both  construction 
and  management. 

The  largest  furnaces  at  this  place  are  a  pair,  still  unfinished, 
owned  by  Messrs.  Cochrane  &  Co.  They  are  95  feet  in  height,  30 
feet  in  diameter  of  bosh,  and  have  a  capacity  of  about  30,000  cubic 
feet.  They  will  be  fitted  with  the  "  Cowper-Siemens"  hot  blast 
stove,  and,  carrying  a  blast  at  a  temperature  of  1400°  Fahr.,  or 
hio^her,  are  expected  to  produce  about  900  tons  of  cast  iron  each, 
per  week.     These  are  exceptionally  large  for  Middlesborough. 

A  pair  of  furnaces  building  by  Messrs.  Gjers,  Mills  &  Co.  are 
probably  good  representatives  of  the  most  approved  Cleveland 
practice,  in  size  and  proportions.  These  furnaces  are  85  feet  high, 
and  25  feet  in  diameter  of  bosh,  with  hearths  8  feet  in  diameter  and 
8  feet  high.  They  are  built  of  Newcastle  fire  brick  throughout,  as 
are  the  adjacent  buildings,  its  cost  being  comparatively  low.     The 
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stacks  art!  Ii()<i|)('i|  witli  iron  Ii.umIh  iiii<l  .HU{i{)(>rt(:<l  on  brick  piiiurx 
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'rill'  blast  will  be  lieat(!(l  to  abont  1200  '  Kalir.  by  cant  iron  hot 
blast  stoves;  tlie  Iik.'I  ("or  heating  the  blast,  and  lor  tnaking  stc.ini 
in  abnnclance,  is  obtained  by  utilizing  the  furnace  gases,  a  chim- 
ney 110  feet  high  givin;.';  tln^  required  draught.  Four  tuyeres  are 
use<l  in  each  lurnace. 

At  works  near  tin;  ab<^ve  <ie>cribcd  lurnaees,  wc  lound  a  j.air  in 
blast,  85  lect  high,  2S  I'oct  in  diameter  of  bosh,  driven  with  a  blast 
at  a  tcnij)craturc  ol  loOO'-"  Fahr.,  and  at  a  pressure  of  4  pounds  per 
s(|uare  inch,  entering  the  furnace  through  four  tuyeres,  5  inches  in 
diameter:  the  product  was  stated  at  about  400  tons  each  per  week, 
on  an  expenditure  of  20  to  21  hundred  weight  of  coke  per  ton  of 
iron  made.     These  furnaces  were  fully  cased  with  sheet  iron. 

Another  pair  of  furnaces,  80  feet  high  and  2n  feet  in  diameter, 
with  blast  at  a  pressure  of  3-^  pounds  and  temperature  of  1175° 
F'ahr.,  were  claimed  to  be  running  on  10  hundred  weight  of  coke 
per  ton  of  iron,  while  still  other  furnaces,  of  greater  size,  were  ex- 
pected to  yield  a  ton  of  iron  upon  an  expenditure  of  18  hundred 
weight  of  fuel. 

Still  another  pair  of  furnaces  are  Tti  feet  high  and  T6  feet  in  dia- 
ameter  of  bosh.  The  blast,  heated  in  Cowper  stoves,  enters  the 
furnaces  at  a  temperature  of  1-100'^  Fahr.,  through  o  tuyeres  in  each 
furnace,  and  at  a  pressure  of  3^-  pounds.  The  product  is  stated  at 
1000  tons  per  week  from  the  pair,  their  unusually  large  production 
being  undoubtedly  due  to  the  high  temperature  of  the  blast. 

The  furnaces  of  the  Ferry  Hill  Company,  at  some  distance  from 
Middlesborough,  are  said  to  be  the  highest  in  the  district;  they  are 
27i  feet  in  diameter  and  103i  feet  high.  They  were  stated  to  be 
working  with  the  blast  at  1-100^  Fahr.,  and  to  be  making  550  tons 
of  iron  each  per  week  with  450  tons  of  coke.  If  this  statement  is 
correct,  they  are  probably  the  most  economical  furnaces  in  the  work, 
in  the  item  of  fuel. 

The  size  and  proportions  of  furnace  that  seemed  most  generally 
approved  by  Cleveland  engineers  was  about  '$>ij  feet  liigh  and  of  a 
diameter  of  bosh  equal  to,  or  rather  less  than,  one-third  the  altitude, 
with  a  hearth  having  a  diameter  of  about  one-eleventh  the  height. 
The  larger  number  of  furnaces  in  process  of  construction  were  of 
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about  these  dimensions,  but  some  proprietors  were  indicating  their 
conviction  that  much  greater  dimensions  may  be  adopted  with  profit, 
by  investing  their  capital  in  structures  like  those  of  Messrs.  Coch- 
rane &  Co. 

The  gases  from  the  furnace  top  are  invariably  taken  off  and  tho- 
roughly burned  in  the  hot  blast  stoves  and  under  the  boilers.  The 
"  cup  and  cone"  arrangement  is  always  used  at  the  furnace  top,  but 
there  is  a  variety  of  devices  for  opening  and  closing  in  charging. 

The  hoists  are  of  various  kinds,  the  hydraulic,  the  steam  and  the 
pneumatic  hoists  all  having  their  advocates.  We  examined  them 
all  carefully,  and  were  very  favorably  impressed  with  all.  The 
Howson  steam  hoist  and  with  Mr.  John-  Gjers'  elevator ;  both 
worked  with  great  smoothness,  and  it  was  a  pleasure  to  ride  on  them. 

The  blast  enters  the  furnace,  generally,  through  either  four  or 
five  tuyeres,  at  a  temperature  of  1100°  to  1200°,  where  cast  iron 
stoves  are  used.  These  stoves  have  either  the  £] -shaped  or  the 
"pistol  handle"  pipes,  both  of  which  are  found  to  stand  well,  al- 
though exposed  generally  to  the  direct  action  of  the  flame.  Pleyer's 
hot  blast  stove  was  highly  spoken  of,  but  we  were  not  so  fortunate 
as  to  be  able  to  visit  the  Norton  furnace,  where  they  were  working. 

Messrs.  Cochrane  &  Co.,  and,  we  believe,  other  firms,  use  the 
Coivper  hot  blast  stoves,  in  which  the  beautifully  simple  and  eco- 
nomical principle  of  Siemens'  "  regenerator"  is  taken  advantage  of. 
The  cast  iron  stoves,  with  a  surface  of  about  1250  square  feet  per 
1000  cubic  feet  of  blast  per  minute,  give  a  temperature  of  about 
1100°  Fahr.,  which  is  very  near  the  working  limit  of  temperature 
with  cast  iron,  but  the  "  regenerator"  stoves  carry  the  blast  up  to 
1400°,  and  even,  at  times,  to  1700°  Fahr.,  a  temperature  which 
compels  the  use  of  water-jackets  for  the  valve  casings. 

The  first  cost  and  expense  of  maintenance  of  these  stoves  are 
claimed  to  be  no  greater  than  with  the  ordinary  cast  iron  stove,  and 
Messrs.  Cochrane  &  Co.  testify  to  a  very  great  economy  from  their 
use.  The  serious  difficulties  which,  at  first,  arose  from  the  collec- 
tion, in  the  regenerator,  of  dust  from  the  gases,  have  been  gradually 
overcome,  and  the  general  introduction  of  this  stove  may  probably 
be  anticipated. 

The  Cleveland  furnace  of  average  size  costs,  complete,  not  far 
from  £15,000. 

The  ores  of  the  district  are  mined  in  the  adjacent  hills.  Table  1 
exhibits  their  chemical  character.  The  ore  is  an  impure  argillaceous 
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ore,  from  llu!  grccii  lias,  which  h>sc.s  about  2.'»  per  cent,  by  caleina- 
tioii.  It  is  roasted  in  kilns,  of  a  capacity  of  200  to  liOO  tons,  each, 
per  week,  which  arc  ranged  irniricdiatcly  beliind  the  furnaces,  and 
arc  kept  continually  at  work  ;  they  consume  about  1  hundred  weight 
of  fine  coal  for  each  ton  of  ore  calcined.  Th^  roa.stcd  ore  contains 
about  40  per  cent.  iron. 

The  coke  used  in  the  I'uriiuces  is  c.\cce<iiiii^iy  iiard,  and  contains 
('2  to  05  per  cent,  carbon,  with  sometinnes  a  considerable  amount  of 
sulphur.  It  is  coked  at  the  mines  in  ovens,  the  operation  oceu- 
f)ying  60  or  70  hours,  and  yielding  00  to  65  per  cent,  of  the  weight 
of  coal  charged.  A  large  proportion  of  the  fuel  comes  from  the 
neighboring  county  of  l)urham. 

The  flux  used  is  a  limestone,  which  is  obtained  from  several  lo- 
calities, not  far  distant.  The  finest  qualities  of  Durham  stone  con- 
tain ahout  06  per  cent,  of  carbonate  of  lime,  but  some  managers 
prefer  to  use  a  cheaper  limestone,  which  contains  some  10  percent. 
less  of  the  carbonate  of  lime,  and  \vhich  also  contains  considerable 
magnesia. 

The  cinder  from  Cleveland  furnaces  contains  so  little  iron  as  to 
lack,  usually,  the  dark  color  which  even  a  slight  quantity  of  iron 
oxide  generally  gives.  A  fair  specimen  contained  about  33  per 
cent,  silica,  23  to  25  per  cent,  alumina,  30  to  35  per  cent,  lime,  2 
per  cent.,  or  a  trifle  less,  of  sulphur,  and  |  per  cent,  or  less  of  oxide 
of  iron  ;  the  remainder  was  principall}^  magnesia. 

The  cinder  is  run  from  the  furnace  into  little  iron  cars,  in  which 
it  is  wheeled  away,  and,  usually,  thrown  into  the  river  Tees,  or 
dumped  on  its  bank.  Explosions,  resulting  from  carelessly  throwing 
the  hot  cinder  into  the  water,  have,  in  one  or  two  cases,  resulted 
fiitally  to  the  laborers  employed  in  its  removal. 

The  charge  adopted  here  will  not,  generally,  vary  far  from  the 
following:  ore,  8  hundred  weight ;  limestone,  2|  hundred  weight: 
coke,  3  hundred  weight.  The  amount  of  coke  is  less  in  the  largest 
furnaces. 

The  blow'ing  engines  at  the  furnaces  near  Middlesborough  have 
vertical  cylinders,  w'ith  steam  and  air  pistons  on  the  same  rod,  and 
with  crankshaft  below.  The  Ferry  Hill  engine  is  probably  the 
largest  in  the  world,  having  a  steam  cylinder  67  inches  in  diameter, 
air  cylinder  of  130  inches  diameter,  with  a  stroke  of  lOJ  feet.  A 
pair  of  furnaces  of  85  feet  heightli  and  26  feet  diameter  of  bosh  are 
supplied  by  three  blowing  engines,  whose  air  cylinders  are  84  inches 
YoL.  LXI.— Third  Series  —No.  4.— April,  1871.  33 
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diameter,  with  stroke  of  5  feet,  making  25  revolutions  per  minute 
with  a  steam  pressure  of  40  pounds  per  square  inch,  and  a  pressure 
of  blast  of  o\  pounds. 

The  remarkably  low  cost  of  iron  made  in  Cleveland  is  evidently 
due  to  the  great  size  of  the  furnaces,  to  the  high  temperature  of 
blast,  and  to  the  skill  exercised  in  obtaining  a  complete  utilization 
of  the  furnace  gases,  and  in  general  manipulation.  The  magnitude 
of  the  furnace  has  been  increased  until  an  approximation  to  the  limit 
of  crushing  streno;th  of  materials  charged  has  forbidden  a  nearer 
approach  to  the  theoretical  limit  of  economy.  The  temperature  of 
blast  has  been  raised  until  it  has  reached  a  point  at  which  the 
greatest  heat  which  can  be  obtained  from  the  gases  is  reached,  or  in 
other  cases,  at  which  the  material  of  the  stoves  begins  to  yield. 

Mr.  Bell  and  other  engineers  have  investigated,  with  some  suc- 
cess, the  influence  of  size  and  temperature  of  blast  upon  economical 
production. 

The  benefit  of  enlarging  the  furnace  is  very  marked  at  first,  but 
becomes  proportionally  less  and  less  as  the  capacity  increases,  until 
an  increase  from  25,000  cubic  feet  up  to  30,000,  the  saving  amounts 
to  3  or  4  per  cent,  of  fuel,  and  between  30,000  and  35,000  cubic  feet 
it  becomes  only  about  2|  per  cent.,  and  so  small  an  advantage  is 
pretty  nearly  neutralized  by  the  disadvantages  and  risks  incident 
to  such  immense  furnaces.  Mr,  Charles  Cochrane  states  the  maxi- 
mum of  economy  to  be  obtained  with  a  capacity  of  50,000  cubic 
feet.  With  increasing  temperature  of  blast,  a  similar  decrease  of 
gain  is  noticed,  the  economy  in  rising  from  800°  to  900°  Fahr., 
being  recorded  as  about  7  per  cent ,  and  between  1300°  and  1400° 
Fahr.,  as  3|-  per  cent. 

The  tendency  in  Yorkshire  is,  however,  toward  still  higher  tem- 
peratures, and  the  "  regenei^ator"  stoves  are  obtaining  favor  as  the 
only  stoves  that  can  carry  such  high  heat  without  injury. 

The  Cleveland  district  is  said  to  save  more  than  600,000  tons  of 
coal  per  3^ear  by  successfully  utilizing  the  furnace  gases  in  pro- 
ducing their  high  temperature  of  blast. 

The  market  prices  of  Cleveland  pig  iron  have  been  quoted  for 
some  time  past  at  from  about  52  shillings  per  ton  for  No.  1,  to  46 
shillings  for  No.  4,  and  even  at  these  prices  there  is  evidently  a 
good  margin  for  profit,  if  we  may  judge  by  the  rapid  increase  of 
production,  which  is  expected,  during  the  current  year,  to  reach 
2,000,000  of  tons. 
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Tlin  pig  iron  iMndiiccil  i.s  not  of  fliio  quality.     It  in  not  at  •  '     ■  ' 
alilo  for  .sli!cl  iiitikiri)^,  but  i.s  u  lair  luuntlry  iron,  an<l  when 
with  iiii|iort<'<l  iii:ignt'lil(!  or  pure  lu-mutito,  linMgi  von  a  wrought  iron 
of  <|uiui  }^oo(|  (piality — tuA'l,  hut  .slightly  cohi  .short.      !'    !  " 
soiiifwhat  expensive,  in  eonse(|ucnco  of  th(j  eo.st  of  oi' 
to  iui\  with  native,  ami  hut  little  is  dono  in  the  dlHtrict.     The  caMt 
lion  is  exported  and  puddled  elsewlion,',  furnishinj^'  a  large  projKjr- 
lion   of  the  "ship-plates"  used   in    P^nglish   iron  ship    -  ird-;    .ind 
liiidin^  a  considerable  market  aujong  rail  rnakcM. 

An  attcn)pt  has  been  made  to  work  the  "  SicmensMurtin'  »lc'cl 
process  here,  but  it  was  found  that  the  ore  contained  too  much 
phosphorous  to  give  a  cast  iron  suitable  for  tlic  purpose. 

Cleveland  practice  in  iron  making  exliibits  most  prominently  the 
fact  that,  when  engineers  ami  furnace  managers  bring  to  their  work 
a  proper  combination  of  scientilic  culture  and  practical  skill,  they 
may  command  success,  even  though  laboring  under  the  great  dis- 
advantages of  impure  ores  and  costly  fuel.  It  is  tho.se  two  auxili- 
aries, rather  than  any  natural  advantages,  that  have  placed  the 
Cleveland  district  where  it  now  stands  among  the  iron  making  dis- 
tricts of  Great  Britain.* 

Our  space  will  not  allow  of  as  extended  an  account  of  other  iron 
making  localities  of  Great  Britain,  even  had  our  limited  time  al- 
lowed as  careful  inspection  as  was  made  in  the  Xorth  Riding  of 
^'orkshire. 

(Tit  i)C  CDnlinuL'd.  ) 

'  The  details  of  eoiislrucliuii  and  method  in  this  model  iron  making  district  were 
studied  with  especial  interest,  with  the  intention  of  instituting  a  comparison  with 
the  facilities  offered  for  the  building  up  of  a  similarly  prosperous  business  on  the 
shore  of  Narragansett  Bay. 

The  principal  Rhode  Island  ores  are  a  litaniferous  magnetite,  containing  from 
30  to  35  per  cent,  metallic  iron  and  10  per  cent,  titanic  acid,  and  a  hematite, 
which,  when  roasted,  contains  about  0-5  percent,  of  iron.  No  sulphur  or  phospho- 
rous are  reported  in  the  magnetite,  and  the  hematite  contains  0-2  per  cent,  of  phos- 
phorous and  a  trace  of  sulphur. 

These  ores  are  therefore  much  superior  to  the  Cleveland  ores,  and  the  distance 
of  transportation  will  be  from  six  to  ten  miles  for  the  ores  and  flux,  and  tweuty- 
tive  for  the  fuel.  Should  the  deposites  prove  as  extensive  as  is  anticipated,  they 
can  probably  be  more  economically  and  profitably  worked  than  any  ore  beds  in 
the  Eastern  States.  Iron,  ^aid  to  bo  of  admirable  quality,  was  made  from  these 
ores  a  century  and  a  half  ago,  and  ilf  manufacture  only  ceased  with  the  extinction 
of  the  forests  which  furnished  the  fuel.  The  subsequent  discovery  of  a  fair  quality 
of  anthracite,  for  ^nlolting  funiftoes,  has  otlored  an  opportunity  for  re-establishing 
the  business. 
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AN  EXAMINATIONIOF  SOME  EXPERIIVIENTAL  FACTS  BEARING  UPON 

THE  PROPER  RATIO  OF  THE  LENGTH  AND  BREADTH 

OF  STEAMSHIPS. 

By  Albax  C.  Stimers,  Naval  Engineer. 

The  general  success  wbicli  has  attended  the  adoption  of  the 
screw  propellor  in  large  ocean  ships  making  long  voyages  is  hav- 
ing the  effect  of  not  only  driving  paddle-wheel  ships  out  of  use 
but  sailing  vessels  also.  Now  that  our  foreign  commerce  in  Ame- 
I'ican  bottoms  is  almost  extinct,  owing  to  the  unfavorable  condition 
of  our  national  affairs  during  the  past  few  years,  and  our  people 
are  commencing  to  wake  up  to  a  consideration  of  the  subject  of 
re-establishing  it,  and  again  competing  with  the  maritime  nations 
of  the  world  in  the  commerce  of  the  ocean,  it  appears  to  me  oppor- 
tune to  examine  into  some  of  the  most  important  features  of  the 
steamship  of  the  present  with  the  hope  of  inducing  a  greater  uni- 
formity of  practice  than  obtains  abroad.  It  is  with  this  view  that 
T  submit  for  publication  the  results  of  an  examination  of  some  ex- 
perimental facts  developedlby  the  trials  of  British  naval  screw 
steamers  in  relation  to  the  best  proportion  of  the  length  to  the 
breadth  in  that  description  of  vessels,  when  constructed  and  em- 
ployed for  commercial  purposes. 

There  is  at  present  a  great  diversity  of  opinion  and  consequent 
practice  regarding'  the  most  economic  ratio  of  the  length  to  the 
breadth  of  steamships,  but  the  tendency  is  to  greater  and  greater 
lengths  as  compared  with  the  breadths. 

One  hundred  years  ago  the  celebrated  De  Chapman  wrote  in  his 
Architeciura  Navalis  Ifercaioria,  that  in  considering  the  proportions 
of  large  ocean  ships  generally,  "  that  the  breadth  is  between  one- 
third  and  one-fourth  the  length."  -;•  Fifty  years  later  Knowles, 
author  of  a  standard  work  on  Naval  Architecture,  copied  the  exact 
words  of  De  Chapman  in  remarking  upon  the  same  subject.  These 
were,  however,  sailing  vessels.  When  steam  power  was  applied 
to  the  propulsion  of  ships,  the  proportionate  length  commenced  to 
increase  and  has  been  increasing  ever  since,  until  now  the  ratio  of 
seven  to  one  is  very  moderate,  and  the  limit  of  extreme  compara- 
tive length  to  breadth  is  not  reached  within  a  ratio  of  between  ten 
and  eleven  to  one. 
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\VIk-ii('\(.i- a  Itniisli  iiaviil  sci'cw  nlcutner  iii  buiit,  t^r  Mlicnati 
old  ono  is  iiowly  lilted  wiili  mIcwii  machinery,  it  iji  the  practice  of 

tho  Adminilty  to  causn  her  to  uiidor;/.)  u  trial  of  Hpr-cd  at  ri  hh-  • 
sured  mile  ;  and  all  the  particnilars  of  coii.Hlnictiun  and  of  tin;  jiii<-i," 
iiiona  allcndiiiL!;  tin-  trial  which  aro  suppoHod  to  influence  the  upecd 
or  tljc  uuoiioiny  ol'  lis  altaiiitncnt  arc  noted  in  a  tabic  kept  at  the 
Adminilty  oflicc.  This  tabic  was  commcuccd  about  twenty  years 
ago,  and,  on  tlirco  dilVoront  occasions,  during  lliat  time  it  has  been 
published,  giving  the  particidars  and  results  of  the  trials  of  all  the 
screw  steamers  which  had  been  completed  and  tried  up  to  the  r«*- 
spcctivc  dates  of  publication.  It  was  last  publislied  in  18<J.j, 
and  the  list  then  contained  the  names  <>!'  two  liundred  and  fifty 
screw  steamers.  !N[any  uf  tiiesc  were  tried  several  times,  and  the 
table  gives  the  particulars  of  each  trial. 

In  addition  to  stating  the  facts  of  constrinjtion,  management  an<l 
observation,  the  table  gives  the  results  of  calculations  which  ex- 
hibit the  economic  relations  of  steam  power  and  speed  as  compared 
both  with  the  immersed  midship  section,  and  the  tonnage  displace- 
ment. These  results  are  regarded  as  co-efficients  of  performance,  and 
are,  of  course,  augmented  by  any  improvement  whatever  in  the  form 
or  proportions  of  tlie  immersed  hull,  or  in  the  screw  propeller. 

An  examination  of  the  table  as  published  shows  that  the  varietv 
of  the  combination  of  dilYerent  forms  and  proportions  of  hulls  and 
propellers  is  nearly  as  great  as  the  number  of  vessels.  Although 
this  fact  has  the  appearance  of  a  barrier  to  a  proper  comparison  of 
the  excellence  of  one  particular  proportion  of  the  hull  with  another, 
when  the  whole  number  of  vessels  is  divided  into  classes  having 
the  proportion  under  examination  properly  assorted  into  each  class, 
it  is  found  that  all  the  other  items  of  varying  proportions  are  pretty 
equally  distributed  through  the  various  classes,  and  that  therefore 
the  mean  of  the  coefficients  of  performance  of  each  class  will  give 
a  pretty  fair  indication  of  the  economic  excellence  of  the  propor- 
tion thus  examined. 

It  is  upon  this  principle  that  I  have  proceeded  to  ascertain  the 
influence  of  the  varying  proportions  of  the  length  and  breadth  of 
the  vessels  tried.  The  variation  in  the  ratios  extend  from  3*33  to 
7*87  breadths  to  1  length,  and  I  have  divided  them  into  five  classes, 
as  follows : — 
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Class  A  having  ratios  of  less  than  3i  to  1  in  which  there  are 12  vessels. 

"     B  having  ratios  of  more  than  3^  and  less  than  41  to  1  in  which 

there  are 65       "■'• 

"     C  having  ratios  of  more  than  4^  and  less  than  5^  to  1  in  which 

there  are 78       " 

"     D  having  ratios  of  more  than  5^  and  less  than  6i  to  1  in  which 

there  are 68       " 

"     E  having  ratios  of  more  than  6^  to  1  in  which  there  are 27       " 

The  coefficient  employed  for  comparison  is  that  which  relates  to 
the  tonnage  displacement,  because,  although  the  one  relating  to  the 
midship  section  is  technically  useful  to  professional  men  in  consid- 
ering some  of  the  detail  questions  of  steam  navigation,  it  does  not 
apply  to  the  econom}-  of  transporting  a  given  amount  of  cargo  across 
the  sea,  while  the  other  does. 

Although  the  speed  at  the  time  of  the  trial  does  not  enter  directly 
into  the  question,  any  variation  in  that  regard  being  provided  for 
in  the  formula  which  produces  the  coefficient,  it  is  interesting  to 
state  it. 

In  the  following  tables,  therefore,  will  be  found  the  name  of  each 
vessel,  the  ratio  of  length  to  breadth,  the  speed  at  the  time  of  trial, 
and  the  coefficient  derived  from  the  formula — 

H.P.  ' 

where     v  =  velocit}^  in  knots  per  hour. 

D  =  displacement  of  the  vessel  in  tons. 
HP  =  indicated  horse  power ;  and 
c  =  coefficient  of  performance. 
The  speed  given  is  not  always  the  maximum,  but  is  that  which 
was  attained  at  the  trial  which  achieved  the  maximum  coefficient, 
and  the  coefficient  given  is  always  the  maximum  one  where  the 
vessel  was  tried  more  than  once. 
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Names  op  Vessels. 

Katies 
1      of 
L  to  B. 

Speed 
kuots. 

3       2 

VXD3 

UP 

Names  of  Vessels. 

1 

Batios 

of 
L  toB. 

Speed  'vxE3 
knots.  1  ^  p    = 

Aboukir 

.     3-40 
.'    3-39 
.     3-41 
.'    3-33 
.      3-37 
.     3-33 

9-550 
10-968 

7-742 

8-500 
10-460 

9-660 

122-1 

147-4 
76-3 
108-0 
150-9 
134-9 

1  *Exmouth 

340 
3-35 
3-35 
3-37 
3-35 
3-40 

9-100    159-1 

*Albion 

Brunswick 

Centurian 

Goliath 

*Irresistible 

{  *Lion 

9160'  1016 

1 1-010  i  161-0 

9-529  1  196-2 

*Collingwood 

Colossus 

;  Majestic 

*  Windsor  Ca&tle. 

8-783 
10-955 

118-3 
140-4 

1           ' 

Mear 

s  of  ab 

ove  12  V 

essels 

3-37 

9-620 

1349 
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Namm  ur  Vmikiji. 

\J^'^   

•AlgiurH , 

*A^iini('miiori  

AmpliiDii  

Anson 

*Arroi;unt  

Atlas 

lUcnlioim 

*IK)mbny 

*Cti'sar  

*Chosaj>fiiki' 

Conqueror 

Cornwallis 

Crossey 

*Curacoa 

*Donegal 

*Duncan 

Duko  "Wellington. 

*Edgar 

Edinbiugh 

Eurotu* 

*Emyalus 

♦Forte 

Forth  

Fox  

Fred'k  William... 

Gibraltar  

Hannibal 

Hastings 

Hero 

Hague 

Hood 

*Howe 


of 
I    lu  II. 


Jfl2     7-11. 

4  HI  15  7'><i 
il'2  l'2W4 
4-.",7  H-l".».» 
4  4-J  I3  02J 
:{-78  oXh) 
4-47  10157 
8-70 '10  274, 
4-24  9  C.'.S 
4-:54  l0-8()r, 
3G1  !  7-188 


3G1 
4-46 


7-206 
8  6G8 


4.33  11  912 
4-34  13  322 
4  01  9  Sill 
416  11-371 


3-63 
4  07 


8-873 
7-579 


4-23  10-038' 
416  11-485 
3-77  I  9-384' 
3-96  ;  9-218, 
3-57  11-777 
4-34 


12-480, 


8-600  i 
6-702 
11-350 
8-328 


3-74 

3-65 

4-23 

3:80  _ 

4  27  11-752 

4-26  11-161 


183-9 

IM.-.'J 

h.M 

l.'.H-7 

1G)>  I 

147'r. 

4 1  -.-. 

1*,4  3 

167G 

173-4 

1426 

91-0 

83  3 

197-3 

173-0 

187  G 

15G-5 

1G4-7 

137-2 

92  0 

171-3 

175-0 

146-3 

141-8 

157-2 

142-5 

131-6 

98-4 

155-5 

153-4 

156-0 

180-2 


'  lm|iorivuii(>. 
'  Jnmp*  Wntl 

■*  hondori  

.MMrll»oroiij;h. ... 

*Narcii«*ii» 

•Ni'l*on    

*Nrplii!i« 

Nile 

"Orion I 

Pembroke  ' 

I'haton 

*Princiss  Royal..' 

Queen 

*Renown  

Revenge 

Rodney I 

"Royal  Albert.... j 

Royal  George | 

*Royal  Sovereign 
Royal  "William... 

Russell 

St.  George 

*St.  Jean  D'Acre 

Sans  Pareil 

Sea  Horse 

Trafalgar 

*Tribune 

*yictor  Emanuel 

*Victoria 

*Waterloo 

^Zealous 

Horatio 


HatK. 

»r 
I.  !•>  n. 


401 
4  4o 

3  97 

3  91 
3-79 

4  27 
3C3 
4  42 
3-73 

3  57 

4  42 
4-42 
3-97 
3-82 
3-77 
401 
S-90 
3-65 
3-98 
4-30 
3-83 
3-80 
3-89 
4-47 
4-lG 
4-33 
394 
4-30 
3-83 


9  -Aif- 
WMH 
I0•9^;0 
I0  36S 
10  897 

M  L'Ori 
1I-4GC 

7C02 
104GG 
11.031 
10-578 
11-480 
11-530 
11-479 
10  OOO 

9-5C8 
12-253 
10-581 

6  680 
10-933 
11-199 

9300 

9  298 
10-908 

9-551 
12-009 

9-700 
11 -329 1 
10246 

8-835 


Means  of  above  65  vessels. 


4-03  10.051 


i;o., 

174  3 
201-2 
I7H4 
120  I 
19U-1 
140  1 
146-K 
203-5 
1291 
1G5  4 
158-C 
144-0 
174-5 
138-0 
166-4 
155-5 
104-9 
200  1 
200-9 
133-2 
1428 
1401 
202-1.' 
190  9 
1656 
175-3 
177-9 
1398 


1552 
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Class  C  ] Laving  Ratios  of  more  tlian  4|  and  less  than  5|  to  1. 


Names  of  Vessels. 


*Alert  

Ariel 

Aurora 

Bachante , 

Bristol 

Cadmus 

*Galedonia 

Challenger 

Charybdis 

Clio 

Columbine 

*Constance  .... 

Cordelia 

Cossack 

*Cruiser 

Dauntless 

♦Defence 

Defiance  

Diadem 

Doris 

Emerald 

Enterprise 

*Echo 

*ralcon 

*Faron  

Gannet 

♦Glasgow 

Greyhound 

Harrier 

♦Hector 

♦Highflyer 

♦Hornet 

Icarus  

♦Immortalite. 

♦Jason 

♦Leander 

♦Liffey  

♦Liverpool. ,.. 
Lyra 


Ratios 

of 
L  to  B. 


Speed    VXB3 
knots,     -jpjr-  = 


5-01 
4  98 
4-53 
4-70 
4-81 


9-G07 

7-647 

11-335 

12-049 

10-079 


4-96   11-825 


4-61 

4-96 

4-96 

4-96 

5-27 

4-79 

5-19 

5-06 

501 

5-28 

5-17 

4-60 

5  00 

5-00 

4-51 

4-99 

5-30 

5  03 

5  03 

5-19 

4-80 

5-19 

503 

4-97 

528 

502 

5-19 

4-82 

5-45 

4  74 

4-70 

4-69 

4-99 


10-713 

10-601 

11-752 

9-805 

8-742 

10-575 

9-912 

8-655 

6-608 

10-293 

11-618 

8-960 

11-661 

11-981 

11-726 

8-037 

8-064 

8-653 

7-238 

8-445 

13-102 

9-052 

8-320 

10-243 

9-416 

7-750 

10-146 

10-940 

11-632 

10-276 

9-072 

10-620 

7-458 


183-5 

148-2 

158  0 

167-9 

159-2 

173-6 

189-4 

159-8 

138-8 

171-3 

1703 

198-5 

148-8 

139-1 

220-2 

156-5 

203  5 

118-8 

163-8 

145-6 

175-1 

175-3 

211-9 

189-7 

179-8 

160-5 

187-4 

149-8 

165-0 

208-2 

177-8 

197-0 

125-7 

231-0 

176-7 

185-3 

212-5 

210-1 

142-2 


Names  of  "Vessels, 


Ratios 

ot 
L  to  B. 


♦Megaera 

Melpomene 

Mutine 

♦New  Castle 

♦Ocean 

Octavia 

Pantaloon 

♦Pearl 

♦Pelorus ... 

Peterol 

♦Phoebe 

Phoenix 

♦Plumper 

♦Prince  Consort. 

♦Pylades , 

Eacer 

♦Racoon 

Rapid 

♦Rattler 

♦Research 

♦Resistance 

♦Reynard 

Rosaris 

Royalist 

♦Royal  Oak 

♦Satellite 

Secret  

♦Scylla 

♦Severn 

♦Shannon 

Shearmater 

♦Sutlej' 

Swallow 

Tartar 

Termagant 

Topaze 

♦Undaunted 

Valiant 

♦Vulcan 


5-47 
4-56 
5-20 
4  81 
4-67 
4-78 
5-19 
4-96 
4-96 
5-28 
4-67 
5-48 
5-09 


Speed 
knots. 


3      2 
VXDS 


9-958 

12-436 

10-250 

13-287 

12-896 

9-897 

8-934 

10-988 

9-045 

8-927 

9-959 

8-740 

7-228 


4-67  jlO-330 
5-02  I  8-044 
'  7-325 


5-19 
4-96 
5-27 
5-39 
5-06 
5-18 
5-30 
5-27 
5-27 
4-67 
4-96 
4-96 
4-95 
4-81 
4-70 
5-23 
4-93 
4-98 
5-06 
5-19 
4-70 
4-80 
4-97 
5-31 


111' 


Means  of  the  above  78  vessels I    5  00 


9-958 

7^286 

10-074 

8-220 

10-372 

8-238 

9-236 

9-818 

11-127 

9-366 

10-568 

9-092 

11-693 

11-708 

8-957 

13-067 

7-429 

9-400 

10  660 

12-160 

10-972 

11-433 

9-511 


9-913 


183-6 

173-5 

154-6 

183-3 

191-5 

176-5 

126'8 

202-2 

177-8 

153-7 

226-8 

149-0 

183-7 

219-2 

203-7 

158-7 

199-1 

137-0 

217-7 

185-4 

245-7 

207-5 

158-5 

170-8 

216-4 

194-7 

147-2 

184-7 

177-5 

182-9 

124-5 

188-9 

1474 

138-8 

141-4 

175-5 

193-5 

144-4 

185  8 

175-5 


Rdllo  of  llf  Lni'itli  iukI  liifudlh  of  Stenmahipa. 


ICTi 


('liis.s  J)  ImiuiL'i  Hulios  of  more  than  .»Jl  nnd  lean  l/tun  (H  to  1, 


NoiKs  or  Vmnki.n. 

Kullo 
of 

.1.  1.1  II. 

S|ini>it 
knoln 

a     s    1 

V   <  1)3     1 
II   !■ 

Nahkd  or  Vuacu. 

Ur.-clc-H 

•Orlando 

I,  i->  II 

5-53 
5-77 
G-53  1 
6-33 
0-71 

AlaiM-ity ' 

Archer      

(j-;i&    I0H7U 
G-51     7r,'H) 

l-JM'2   j 

lGG-0  ' 

12-26G     174  1 
13001     187  4 

♦Ariadne ' 

Arrow  

Assurance  

5 -GO 

C-32 

0-35 

G53 

G-32 

5-53 

5-58 

5-58  , 

6-61 

C-35 

5-71 

5-72' 

5-60 

5-72 

5-72 

035 

5-58 

5-G9 

5-72 

5-72 

5  72 

C-3o 

5  69 

G-32 

5-59 

5-77 

5  93 

5-77 

!    6  35 
5-70 
5-61 
5-72 

i 

1 

12-68(>     183-2 

11-000    10G9 
9-238    17G-6 

10  086     1G6  9  , 
9-409     183-3 
9-309    210-3 

10-206    198-4 

11-268  1  188  8 
9-772  j  178  0 
7-768    173-0 
8-6671  215-5 
8-708;  159-7 
8-875    224-2 

10-669!  186-7 
9-017    180-2 

11-600    185-4 

•Oridicus 

Osprcy ' 

*l*andora 

9-207 

7-500 

10-482 

193  <; 
159  4 
199  0 

Uarrosu      

■•Pelican  

5-57   ll'GGC 
5-72   11078 
6-56  10-148 
5-72  10-850 
5-72   10-587 

198-iJ 

'"Beaglo 

♦Penguin 

205-8 

*Brisk 

Perseus 

♦Philomel 

170-2 

*Cameleon 

212-4 

*Chanticlecr    

♦Plover 

184-5 

♦Conflict 

Ranger 

Rattler 

6-72  1 
5-58 
5-53 
5-64 
5-58 
6-35 
5-65 
6-00 
6-32 
5-72 
5-72 
6-35 
5-71 
5-72 
6-35 
5-96 
5-72 
6-35 
6-32 
6-35 
5-51 
5-52 
6-32 
'  6-o8 

9-006 

7-692 

12-238 

7-977 

11-781 

10-824 

9-327 

8-747 

172-9 

Coquette 

170-0 

"Cvsnet 

♦Rattlesnake 

♦Rifleman 

207-9 

Dart 

182-6 

■■'■Desperate 

♦Rinaldo 

206-0 

♦Encounter 

Ringdove 

Sharpshooter 

♦Simoom 

149-7 

♦Espoir 

♦Foxhound  

175-5 
240-5 

♦Galetea 

♦Greenock 

Griffon 

10-538 
9-630 

10-119 
9-59G 
6  870 

11-021 
9-691 
7-033 

216  0 
191-4 
177-2 
150-7 
185-1 
164-7 
178-4 
109-7 

Snake 

Snipe 

1  ♦Sparrow 

10-303!  146-2 
10-320    162-8 
10872    177-5 

Jaseur 

♦Landrail 

Lapwing 

♦Lee 

♦Sparrowhawk... 

Speedwell 

♦Steady 

Surprise 

9-070 

6-712 

11053 

11-149 

7-682 

178-1 
176-3 
205-8 
153-3 

Lvnx 

Teaser 

Torch 

Vigilant 

123-1 

■■'Malacca 

9  094.  218-0 
13-290  j  176-6 

5-441     121-8 
10-750    247-5 

9  925    173-5 
10-067     156-1 

9-705    179-7 

9-933    159-6 
i 

10-032    174-1 

Mersev 

8-447    168-7 

Minx 

Viper 

11-860    176-4 

♦Miranda 

Wanderer 

♦Wasp 

♦Wolverine 

Wrangler  

10-733 
8-176 

11-256 
8-012 

]  9-874 

143.8 

Mohawk 

Mullet 

♦Nii'or   

214-2 
193-2 
153-1 

Nimble 

Zebra 

142-7 

. 

Means  of  the  aboA-e  6 

3  vessels,,,. 

5-84 

9-S42    178-9 
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Glass  E  having  Ratios  of  more  than  6J  to  1. 


Names  or  A'essels. 

Katios 

of 
LtoB. 

Speed 
knots. 

11-879 
10-316 
10-663 
12-221 
11-155 
10-537 

9-274 
13-229 

9-923 
10-409 
12-900 

8-400 
10-250 
10-COO 

3       2 
VXDS 

Names  of  Vessels. 

Ratios 

of 
LtoB. 

Speed 
kuots. 

3       2 
VXDS 

UP    ~ 

HP 

*A.chilles    ...  

6-52 
7-77 
7-77 
6-55 
6-53 
7-87 
6-53 
6-85 
6-59 
7-19 
7-38 
6-G2 
6-63 
G-53 

261-1 
237-8 
237-6 
235-8 
154-0 
115-1 
145-0 
198-1 
177-5 
191-7 
297-4 
246-6 
118-9 
155-7 

Nimrod 

6-63 
6-72 
7-08 
6-59 
6-53 
6-63 
6-53 
6-53 
6-62 
6-73 
7-23 
7-11 
6-55 

8-818 

10-880 

11-297 

11-366 

10-937 

9-447 

9-724 

11-100 

9-079 

9-641 

11-909 

11-996 

11-040 

175-3 

*A.dven-tiire 

"Orontes 

253-9 

■^Assistance 

"Pereverance 

Pioneer 

275-4 

*Black  Prince 

127-7 

Connorant 

Kace  Horse 

Koebuck 

1434 

165-2 

Eclipse 

Serpent 

Star 

118-3 

*Fairy 

115-8 

Flyino-  Fish 

*Sudd1v 

235-8 

Flying  Fish 

Tamar 

186-1 

■^Himalaj^a  

*Transit 

260-6 

^Industry 

Intreped 

^Urgent 

*Warrior 

252-0 
289-6 

Lily 

Mea 

ns  of  the  abo^ 

ta  27  vessels 

6-86 

10-681 

198-9 

Hecapitulation  of  Mean  Results. 


Class 

Number  of 

Ratios  of 

Speed  iu  Knots 

3 
V    XD_ 
"H.P. 

Vessels. 

Length  to  Breadth. 

per  hour. 

A 

12 

3-37  to  1 

9-620 

134-9 

B 

65 

4-03  to  1 

10-051 

155-2 

C 

78 

5-00  to  1 

9-913 

175-7 

D 

68 

5-84  to  1 

9-842 

178-9 

E 

27 

6-86  to  1 

10-681 

198-9 

From  the  foregoing  classification,  it  is  clearly  demonstrated,  in 
the  most  practical  manner,  that,  within  the  limits  of  the  proportions 
tried  in  the  British  Navy,  the  greater  the  ratio  of  length  to  breadth 
the  more  economically  will  a  given  displacement  be  driven  at  a 
given  speed  through  the  water;  and  if  this  was  the  whole  problem 
it  would  not  be  necessary  to  pursue  the  subject  farther.  It  is, 
however,  only  a  part  of  it.  The  question  requiring  to  be  answered  is, 
What  is  the  proportion  of  length  to  breadth  which  will  pay  the 
highest  dividends  upon  the  capital  invested? 


lii'Uiwi  Furls  nnd  Fiijuit'it. 
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BELTING  FACTS  AND  FIGURES. 

\\\     .1,     II.     (\,i^\-V\\ 

(C'otiliiiiii'il  Irniii  |iiu';i'  187.) 

*' The  iliiviu,;^  pullovs  tixeil  upon  llic  sliaft  .sliould  be  well  cen- 
tered, so  that  there  m:iv  hf  no  inequality  of  uiotif^n  which  woiiM 
de.stroy  the  belts, 

"To  transmit  motion  to  the  apparatus  without  noise  or  loss  of 
power,  tanned  leather  belts  of  first  (juality  are  preferably  used. 
They  wear  oue  and  a  half  times  as  long  as  those  of  inferior  quali- 
ties, which,  although  their  low  price  is  an  inducement  to  purchasers, 
are  more  expensive  in  the  end,  by  the  stretching  and  rapid  deterio- 
ration they  undergo. 

"  The  greater  or  less  thickness  of  belts  often  contributes  to  their 
stretching  and  the  continual  variations  to  which  they  are  subject 
while  extended  over  the  circumference  of  pulleys  or  drums. 

"  For  high  powers,  well  tanned  leather  of  sufficient  thickness 
should  be  preferred.  I  have  prepared  the  following  table,  which 
gives  the  thicknesses  of  belts  calculated  from  the  variable  power  of 
machinery,  and  the  diameters  of  pulleys  : 


No.  of 
Horse-poNver. 


Thickness  in  millimetres.      \     Thickness  in  millimetres. 
Pulley  diam.  at  least  T=r  Om-oO.  Pulley  diani.  at  least —:Oni  20. 


6 
U 


o 

6" 


4 
5 

U 
8' 

1 

7* 

t; 

8i 

8 

7 

<) 

HJ- 

8 

9^  doubled  belt. 

9    doubled  belt. 

0 

10         "         " 

n 

10 

u       ..       ..      j 

10           "         " 

"It  is  rare  that  a  force  of  over  10  horse-power  is  transmitted  bv 
means  of  belts. 

'"  For  a  force  of  8  or  10  horse-power,  the  belts  should  be  double, 
which  prevents  their  stretching ;  that  is  to  say.  two  belts  are  super- 
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posed  and  sewed  together  at  their  edges.  Thus,  for  a  9  horse-power 
two  belts  are  sewed  together,  one  of  which  is  1  millimetre  thicker 
than  the  other  :  5 '5  below  and  4*5  above,  making  10  millimetres, 
the  thickhess  of  a  belt  which  will  resist  the  action  of  this  power 
and  even  a  greater  one.  For  low  powers,  the  thickness  is  alwa3'-s 
from  -i  to  5  millimetres. 


Table  for  Ascertaining  the  Width  of  Belts. 


Width  of  Tanned  I 

eather  Belts  in  Millimetres 

Velocity 

Force  in  Horse-Power 

per  minute 

in 

Metres. 

1 

T^O 

T% 

9 
10 

1 

2 

3 

20 

68 

132 

328 

30 

44 

88 

220 

394 

40 

34 

66 

164 

296 

\  , 

50 

26 

53 

132 

237 

60 

22 

44 

110 

197 

220 

440 

70 

19 

38 

94 

170 

188 

377 

565 

80 

17 

33 

82 

148 

165 

329 

494 

90   ; 

15 

29 

73 

132 

147 

293 

440 

100    ! 

13 

26 

66 

119 

132 

264 

396 

120     1 

11 

22 

55 

99 

120 

220 

330 

140     i 

9 

19 

47 

85 

94 

188 

283 

100     ! 

8 

17 

41 

74 

82 

165 

247 

180 

15 

37 

66 

73 

147 

220 

200 

13 

33 

55 

66 

132 

198 

240 

11 

28 

47 

55 

^  110 

165 

280 

9 

24 

41 

47 

94 

141 

300 

8 

22 

39 

44 

88 

132 

360 

18 

33 

37 

73 

110 

400 

16 

28 

33 

66 

99 

500 

13 

24 

26 

53 

79 

600 

22 

44 

66 

700 



38 

56 

800 



50 

600 

....  . 

44 

1,000 

40 

1,200 

33 

1,500 

26 

2,000 



1  

20 

"  The  transmission  of  motion  from  one  shaft  to  another,  by  means 
of  belts,  depends  entrely  upon  the  friction  produced  by  their  ten- 
sion upon  the  pulleys  or  drums  around  which  they  are  made  to 
move.  If  the  force  transmitted  by  them  is  augmented,  the  friction 
is  in  like  manner  increased ;  and  if  in  that  case  the  tension  of  the 
belts  remains  the  same,  their  friction  surface,  or,  what  amounts  to 
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fli«j  sariir,  tlicif  Itioiultli  imi.st  Ixr  iucroaMcd  :  the  jtowtrt  to  be  trans 
initial  art-  to  each  ot/irr  «.s  t/i^  profiuct  of  the  wi'lt/i  nf  l/ir  heltt  multi- 
jtUf'd  lit/  the  veh)n'tf/. 

"  M.  Moriii  liHs  IomikI  lliut  hells  of  l.iiincd  Icallier  will  rosint  a 
tension  coiiiputcil  ;it  two  kilof^ratnines  for  every  «'|uaro  rnillirnr^tra 
of  their  section. 

"When  it  is  desired  to  determine  the  width  of  a  (XTtinu  u.nij 
JHifUiph/  the  ivimhcr  of  revohiluni.s  of  the  pnUnj  or  drum,  made  in  onr 
minute,  hi/  its  vircnmferenr.c  and  the  product  ivill  ex/iresn  in  metres  the 
iksired  vclociti/.  The  widtli  in  inillinictrcs  will  then  be  found  Of»po- 
site  this  number,  and  in  the  eoluinn  of  the  foregoing  tabic  of  the 
given  power.  If  pulleys,  however,  are  not  in  the  relation  of  iden- 
tical diameters,  but  are  in  the  relations  about  to  be  mentioned,  then 
mtiUiphj  the  vidlh  'jiven  in  the  foregoin'/  talde  hy  the  eoefficient  of 
transformation. 

''^Coefficient  of  Transformation  of  the  width  of  belts  accordiaj  to  the 
relations  of  the  diameters  of  pidleijs. 

"  For  pulleys,  the  diameters  of  which  are  to  each  other  as  1  :  2, 
the  width  indicated  in  the  table  will  be  multiplied  by  0-75.  For 
the  ratio  of  1  :  3,  the  multiplier  will  be  0"65 ;  and  for  the  ratio  of 
1  :  4,  0-5S."' 

Experience  shows  that  belts  ought  never  to  be  less  than  2u  milli- 
metres wide,  as  they  are  subject  to  stretching  and  breakage.  Their 
width  should  also  exceed  that  ascertained  from  the  table  by  at  least 
one-sixth.  Machines  working  difterent  materials,  with  var\'ing 
quantities,  undergo  more  or  less  strain.  Thus,  a  spinning  mule, 
after  having  worked  ten  hours,  absorbs  one-fifth  more  power  than 
at  the  outset.  Wet  weather  occasions  the  same  eftect,  while  ob- 
structions, want  of  oiling,  materials  more  or  less  difficult  to  spin, 
&c.,  are  so  many  causes  which  have  to  be  neutralized  by  develop- 
in  2;  the  friction  surfaces  of  the  belts. 

Loss  of  Velocity  suffered  by  Belts  while  in  Motion. 

'•'  The  variable  length  of  the  belts  has  an  influence  upon  their 
slipping:  when  they  are  crossed  they  are  less  liable  to  slip. 

"  The  loss  of  velocity  suffered  by  belts,  when  mounted,  depends 
upon  their  friction  surface. 

"Long  belts  are  less  liable  to  slip  than  short  ones,  for  the  latter 
are  alwavs   stretched  in  a  manner  injurious   to  the  journals  and 
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brasses,  and  notwithstanding  this  amount  of  tension,  they  are  still 
subject  to  a  considerable  loss  in  velocity. 

"  I  have  undertaken  some  experiments  in  regard  to  losses  of  this 
nature,  to  which  belts  are  liable,  relatively  to  their  lengths,  and  I 
have  thought  it  well  to  prepare  a  table,  for  calculating  the  amount 
of  motion  transmitted  by  belts  which  no  operator  can  well  do 
without. 

TaMe  showing  the  jSHjj  of  Leatlter  Belts  relatively  to  their  Lengths. 


Parallel  belts. 
Length  in  metres. 


4 

6 
8 
10 
12 
14 
16 
18 
20 


Percentage  of 

velocity  lost  by 

slipping. 


CroFsed  belts. 
Length  in  metres. 


Percentage  of 

velocity  lost  by 
slipping. 


4-2 

8 -'J 
3-6 
3-3 
3-0 
2-7 
2-5 
2-3 
21 
l-<.) 


2 

3-5 

4 

3-2 

6 

2-9 

8 

2-6 

10 

2-3 

12 

20 

14 

1-8 

16 

1-6 

18 

1-4 

20 

1-2 

"Belts,  after  having  served  for  a  certain  length  of  time,  and  hav- 
ing withstood  more  or  less  tension,  become  greatly  impaired  by 
stretching  and  narrowing.  ' 

"The  width  of  belts  diminishes  in  proportion  to  the  strain  upon 
them.  Experience  shows  that  on  the  first  day  a  belt  is  used  it  suf- 
fers an  elongation  of  one  per  cent.  This  action  continues  to  dimin- 
ish till  the  third  day,  after  which  the  belt  works  on  without  much 
change  in  its  dimensions. 

"The  causes  producing  loss  of  velocity  in  belts  are  imperfect  lu- 
brication of  machinery,  obstructions  in  the  journal  boxes,  wheel 
gearing  out  of  line,  inferior  quality  of  leather,  couplings  and  sew- 
ing, and  oil  on  the  pulleys. 

"  AVhen  a  belt  slips,  the  difficulty  is  remedied  by  sprinkling  the 
rubbing  surface  with  a  mixture  of  Spanish  white  and  resin.  If  the 
belt  is  smeared  with  oil.  Fuller's  earth  is  employed,  which  has  the 
property  of  absorbing  greasy  substances,  and  the  rubbing  side  of 
the  belt  is  then  scraped  with  a  wooden  blade. 

"  Very  often  a  badly  made  knot  in  a  coupling  joint  will  cause  the 
belt  to  lose  one  or  two  per  cent,  of  velocity. 
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"To  ti.-iiisiiiit  :iii<l  s(!curc  the  motion  (r>  h<:  irnpartcfl,  the  bclt.s  arc 
sewed  in  stic^h  :i  ni.iniirr  as  ])cst  to  iii.snro  againHt  thoir  Mlippin^; 
hut  as  they  ahvavs  trnd  to  cIonj.^atL',  in  (jnler  to  ol)viate  tliis  difT'i- 
ciilty,  the  ciuls  aid  boiiiid  together  hy  a  leather  thong.  These  aro 
generally  of  Hungarian  leather,  cut  itito  thin  anrl  narrow  8trip.s,  so 
as  to  be  readily  handled,  as  well  as  to  avoid  the  necessity  of  punch- 
ing large  holes  in  the  belt,  which  greatly  lessens  its  strength. 

"  The  flaxen  or  hempen  thread,  intended  for  sewing  belts,  ought 
to  be  of  superior  quality',  and  smeared  with  some  pitchy  substance 
to  prevent  ravelling. 

"M.  llunebellc,  of  Amiens,  manufactures  very  durable  belts,  the 
couplings  of  which  are  made  of  Ilungarian  leather  prepared  in  some 
peculiar  manner.  T  liave  substituted  animal  substances  for  thread. 
I  have  had  good  results  from  eel-skins,  and  have  also  tried  small 
cat-gut.  My  experience  has  been  that  the  belt  of  a  spinning  frame, 
sewed  with  this  material,  may  last  two  years  without  suffering  any 
deterioration  ;  and  the  cost  of  this  article  is  not  so  great  as  to  oblige 
u.s  to  reject  its  employment. 

•'  Pulleys  should  have  a  rise  of  one-twelfth  of  their  face  width, 

"  Sometimes,  to  impart  motion  to  a  machine  situated  at  a  distance 
from  the  transmission,  we  resort  to  what  is  called  a  binder  or  car- 
rying pulley  which  consists  of  two  small  wooden  drums,  having  a 
face  convexity  of  one-twentieth  their  width,  secured  to  iron  axles 
running  in  brasses,  the  whole  made  adjustable.  These  drums  should 
never  be  less  than  20  centimetres  (0'!1"20)  in  diameter,  a  large  dia- 
meter never  does  harm.  This  contrivance,  which  was  first  intro- 
duced by  a  foreman  named  Buignet,  stretches  the  belt  in  every 
direction."' — A  Practical  Treatise  on  tlie  Manufacture  of  Worsteds 
and  Yarns.     M.  Leroux.     H.  C.  Baird,  Phila.,  1869. 

(To  be  continued.)  - 


An  Instmotible  Metallic  Packing  as  applied  by  Mr.  Gird- 
wood,  London,  is  described  in  the  Medianics  Magazine.  Copper 
wire  is  closely  woven  into  sheets  and  then  rolled  up  to  a  proper 
thickness  ;  it  is  now  pressed  in  a  square  or  other  shape  and  bent 
into  a  ring,  the  two  ends  being  brought  close  together  by  means  pf 
a  press,  so  as  almost  to  unite  them.  These  flexible  and  seamless 
rings  readily  admit  of  the  proper  pressure  to  obtain  a  perfect  joint 
by  the  cover  screws,  and  being  of  metal  and  unalterable  by  heat 
can  be  used  with  great  advantage  for  high  pressure  and  superheated 
steam. 
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THE  GRAPHICAL  METHOD. 

By  Prof.  Edward  C.  Pickering. 

One  of  the  most  valaable  means  of  studying  physical  laws  is  the 
graphical  method,  or  the  representation  of  phenomena  by  curves. 
If  any  two  quantities  are  so  connected  that  an  alteration  of  one  pro- 
duces a  change  in  the  other,  a  curve  may  be  constructed  in  which 
ordinates  and  abscissas  correspond  to  the  magnitudes  of  these  vari- 
ables. The  principal  objection  to  this  method  is  its  inaccuracj^,  and 
the  object  of  the  present  article  is  to  show  how  this  difl&culty  may 
be  avoided,  and  the  errors  reduced  to  any  desired  magnitude.  One 
of  the  most  accurate  applications  of  the  graphical  method  was  that 
of  Eegnault,  in  his  study  of  the  laws  of  heat.  He  used  a  copper 
plate,  "8  of  a  metre  square,  and  constructed  points  by  means  of  a 
miniature  dividing  engine,  giving  hundredths  of  a  millimetre,  or 
five  places  of  decimals.  Probably,  however,  the  last  of  these  would 
be  very  doubtful,  and  in  the  printed  sheet  even  the  fourth  figure  is 
liable  to  an  error  of  one  or  two  units.  Again,  it  is  difficult  to  draw 
a  curve  through  a  series  of  points,  unless  they  fall  near  together, 
and  therefore,  in  practice,  we  can  hardly  depend  on  more  than  three 
places  of  figures  with  certainty.  That  is,  if  all  our  points  fall  be- 
tween 0  and  1,  our  errors  should  not  exceed  one-thousandth,  if  be- 
tween 0  and  100,  one-tenth. 

The  most  obvious  means  of  diminishing  errors  is  to  enlarge  the 
scale.  This  is,  however,  limited  by  the  size  of  the  paper,  and  has 
moreover  the  disadvantage  of  making  the  points  fall  further  apart, 
and  thus  rendering  it  more  difficult  to  draw  a  smooth  curve  through 
them.  In  many  cases,  therefore,  a  large  curve  is  no  better  than  a 
small  one.  This  objection  does  not  apply  to  the  straight  line  and 
circle,  since  they  may  be  constructed  by  the  ruler  and  compasses,  but 
it  then  becomes  necessary  to  construct  all  the  points  to  a  scale,  as  a 
distortion  is  almost  always  introduced  in  paper  ruled  or  engraved 
in  squares,  by  its  unequal  expansion  by  moisture.  The  next  ques- 
tion is  the  degree  of  accuracy  as  affected  by  the  inclination  of  the 
curve  to  either  axis.     Generally,  after  constructing  our  curve,  we 
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wisli  to  know  tin-  m:i^Miitu(l(!  oC  one  variiiblc  corrcHponding  to  ccr- 
tjiin  vuluos  of  tlio  other,  lliat  is,  W(5  <lni\v  liori/oiital  lirinn  corrCH- 
poiuliug  to  certain  a.ssutiicd  values  of  ?/,  ami  tlie  ab.sci.ssaH  of  the 
[)()irits  vvliere  tliey  meet  the  eiirve  will  give  the  eorresponding  val- 
M(;s  <)('  ./ .  11"  I  he  eiiive  is  Jicarly  horizontal,  large  errors  may  bo 
introduced,  owing  to  tiie  oblifjuity  of  the  intersection,  and  if 
nearly  vertical,  tlu'i'o  is  tlie  same  trouble  with  the  values  of  _y.  Now, 
il  is  by  no  nieans  necessary  that  abscissas  and  ordinates  should  be 
taken  to  the  same  scale  ;  in  fact,  tliey  usually  represent  difierenl 
units.  By  increasing  the  scale  on  wliich  abscissas  are  constructed, 
we  render  the  curve  more  nearly  horizontal,  increasing  the  scale  of 
ordinates,  more  nearly  vcitical.  The  (question  then  arises  with 
what  degree  of  accuracy  can  these  intersections  be  found  at  dilferent 
inclinations,  and  wliat  scales  must  be  adopted  to  give  the  best  rc- 
suhs.  Evidently,  the  error  will  be  proportional  to  the  space  through 
Avhich  the  lines  coincide,  or  to  their  thickness  divided  by  the  sine 
of  their  angle  of  intersection.  Calling,  therefore,  a  the  angle  the 
curve  makes  with  the  axis  of  X,  the  error  in   determining  x=i 

€  6  . 

-. ,  and  for  y= ,  e  being  the  error  when  the  lines  are 

sin.  o  cos.  a 

as  right  angles,  or  its  minimum  v^alue.  When  a  =  4o^,  the  two  last 
errors  =  1*4  e,  the  most  favorable  case.  When  a  =  30°,  the  error 
of  X  or  fix  =  2  e  ,/ev  =  1*12  e;  a  =  90°,  gives  fx  =0;  butCy  = 
a,  or  the  point  of  intersection  cannot  be  obtained  since  the  two 
lines  coincide.  One  conclusion  then  is  that  the  scale  must  be  taken 
such  that  the  curve  will  not  be  very  oblique  to  either  axis,  the  best 
effect  being  attained  with  angles  of  45°.  When  the  scale  is  en- 
larged in  one  direction  on\y,  the  accuracy  is  not  proportional  to 
the  enlargement,  but  depends  on  the  direction  of  the  curve.  As 
the  direction  of  a  curve  is  commonly  given  by  the  tangent  of  the 

angle  it  makes  with  the  axis  of  X,  let  tangr.  a  =-  :    then     f^     = 


. ■- —  e.     If  we  enlarge  the  scale  of  x,  ra  times 


that  of  y,  n  times,  we  have  e^  __  y  <:t-  m-  +  b    n  ^ 

h  m 

€y  =  1  ^'^  ^^  + — ^  g^  from   which   we  can  readilv  compute  the 
a  n 

increased  accuracy  due  to  the  enlargement  in  any  case. 

Let  us  now  suppose  that  we  have  a  sheet  of  paper  1  metre  square 

Vol.  LX. — Third  Series. — Xo.  J. — April,  1871.  35 
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divided  into  millimetres,  and  that  on  this  we  have  constructed  a 
curve  to  such  a  scale  that  it  extends  nearly  diagonallj^  across  the 
sheet,  and  that  all  our  observed  points  agree  with  theory  within  a 
millimetre.  It  will  generally  be  only  difficult  to  decide  whether 
these  errors,  although  occurring  in  the  fourth  place  of  decimals  are 
real  variations  from  theory  or  only  accidental  errors.  Moreover, 
only  a  very  small  part  of  the  paper  is  used,  the  ruling  on  ninety- 
nine  hundredths  of  it  being  quite  useless.  We  then  construct  a 
curve  in  which  while  x  is  unchanged,  y  represents  the  deviation 
between  the  observed  and  theoretical  curve  the  scale  being  enlarged 
10  or  100  times.  Evidently  the  errors  will  now  become  so  large 
that  we  can  tell  at  a  glance  whether  they  are  accidental  or  constant, 
and  if  the  latter,  how  the  curve  must  be  altered  to  diminish  them, 
or  by  what  amount  we  must  correct  any  point  of  our  theoretical 
curve  to  make  it  agree  with  observation. 

This  method  has  special  value  in  obtaining  empirical  formulas 
from  series  of  observations.  We  assume  some  simple  equation  as  a 
first  approximation,  and  construct  points  as  before,  giving  differ- 
ences on  an  enlarged  scale.  Treat  this  new  curve  precisely  like  the 
first  one,  assuming  a  second  approximate  equation,  and  so  proceed 
until  all  deviations  except  those  of  observation  are  eliminated.  Plac- 
ing y  equal  to  the  sum  of  all  these  assumed  values,  (first  reducing 
them  all  to  the  same  scale)  we  have  the  required  empirical  equa- 
tion. To  put  the  matter  in  a  mathematical  form,  let  x"  and  y"  be 
co-ordinates  of  each  observed  point  in  succession.  Assume  the 
curve  y  =/  {n)  which  shall  nearly  coincide  with  them  and  construct 
the  points  whose  coordinates  are  x"  and  \_y"  — f  i^")]  10.  As  an 
approximation  to  this  last  curve  take  the  formula  y=f'  (a;),  and 

construct  again  a  curve  with  co-ordinates  x'\  and  [  [tj"  —  /  {x")] 
10  —  /'  {x")  ]  10.     Having  finalh^  destroyed  the  constant  errors 

we  have  the  required  equation  y=f  {x)  -f  —ttt-  +  &c.     It  is  best 

where  practicable  to  assume  some  simple  value  of /(x),  /'  (.r),  as 
a  X  -{-l  OT  a  log  X  -^h  making"]  a  =  1,  2,  3,  -5,  &c.  Much  labor  is 
thus  saved  and  we  can  often  find  a  simple  equation  which  will  sat- 
isfy observation  as  well  as  any  complex  one.  The  examples  given 
below  explain  this  method  more  perfectly  than  any  description,  and 
show  how  easy  it  is  to  compare  different  empirical  formulas. 
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A  |)<iiiil  of  iiilIi-vKMi  is  readily  IuiiikI  by  n.HHUiiiiiig  cquationH  of 
tli»'  loiiii  f  {x)  =  a  X  -{■  1)^  aii<l  making  iIicmij  liricM  a[)proxirnatcIy 
faii<,'t'ii(,  to  thormv(^  at  tln!  iciiniictl  point.  Maximutn  and  minimum 
values  of  V  arc  rouiid  Wy  drawin;.^  flie  axis  of  \  very  ri«-ar  tlics*; 
points  and  enlarging  //. 

Asyni[»totes  j)rcsent  (;spe<;ial  diHieultit-s  to  tlic  grupliieal  mo- 
tliod  as  commonly  used.  Suppo.so  wo  have  a  eurvo  aHymptolic  to 
tlio  axis  of  X.  Construt!t  a  curve!  in  wlucli  while  //  i«  unchanged 
X  shall  be  the  reciprocal  of  that  previously  taken.  Then  all  points 
of  the  curve  between  1  and  oc  will  now  be  included  between  I  and 
0.  It  is  often  desirable  to  determine  the  area  included  between  tlie 
turvc  and  asymptote.  If  tliis  is  finite  our  new  curve  will  be  tan- 
gent to  the  axis  of  x  at  the  origin.  Its  magnitude  may  h»e  deter- 
mined by  constructing  a  third  curve  in  whicli  x  is,  as  before,  the 
reciprocal  of  its  first  value,  while  y  for  any  point  is  proportional  to 
the  area  included  between  its  ordinate  and  that  of  some  other  point 
assumed  as  an  origin.  These  values  of//  may  be  obtained  from  the 
original  curve  by  the  usual  processes  of  measurement.  The  ordi- 
nate of  the  point  where  our  new  curve  meets  the  axis  of  y  gives 
the  total  area  required.  As  an  application  of  this  device,  see  an 
article  by  the  writer  in  this  Journa\  March,  1870,  entitled  ''Dif- 
fraction along  the  Moon's  Limb." 

Of  course  all  these  methods  would  only  be  used  where  the  appli- 
cation of  the  calculus  is  impossible.  The  true  test  of  the  excel- 
lence of  the  devices  here  proposed  is  to  apply  them  to  some  known 
series  of  observations,  and  for  this  purpose  I  have  selected  those  of 
Regnault  on  the  latent  heat  of  steam,  its  pressure,  and  on  the  abso- 
lute dilatation  of  mercury. 

I.  Latent  Heat  of  Steam. — Four  series  of  experiments  were  made, 
and  from  them  he  concluded  that  the  total  heat  was  best  represented 
by  the  formula  T  =  606"5  -^  -305^°.  I  therefore  assumed  this  as  a 
first  approximation,  and  constructed  points  as  in  Plate  I.  in  which 
temperatures  are  measured  horizontally  and  the  total  heat  verti- 
cally, the  unit  of  the  latter  being  ten  times  that  of  the  former. 

Series  I.  is  confined  to  determinations  very  near  100^.  Six  pre- 
liminary experiments  give  the  points  represented  by  crosses.  The 
other  38  are  contained  between  63S-3  and  635"5  or  +  1-3  and  —  Vz>. 
The  square  shows  the  mean  of  the  latter  which  is  636'73,  the  circle 
the  mean  of  the  whole  44,  or  636-o5.  The  probable  errors  of  these 
means  are  "09  and  -13.  The  formula  giving  637  is  evidently  too 
great. 
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Series  II.  relates  to  temperatures  between  100°  and  200°.  The 
formula  again  gives  too  large  results. 

Series  III.  gives  the  measurements  between  50°  and  100°.  With 
a  single  exception  every  point  is  below  the  axis. 

Series  IV.  for  low  temperatures  (near  0°)  gives  very  scattering  re- 
sults.    They  are,  however,  in  general  above  the  axis. 

If  we  simplify  the  formula  of  Eegnault  by  substituting  -3  for 
■305,  so  that  it  shall  read  T==606'5  +  -ot,  we  obtain  the  line  a  c, 
which  agrees  much  better  with  the  observations  of  series  I.,  II.  and 
III.,  and  nearly  as  well  with  series  IV.  Its  agreement  with  series 
I.  is  all  that  could  be  desired,  being  less  than  the  mean,  if  we  reject 
the  first  six  observations,  and  greater  than  it,  if  we  retain  them. 
Giving  them  a  weight  of  "7  makes  the  mean  coincide  precisely  with 
our  formula.  To  show  with  greater  certainty  the  advantage  gained 
by  the  change  here  proposed,  I  have  computed  the  probable  errors 
regarding  the  old  and  new  formulas  successively  as  correct. 


Series. 

I. 

I. 

II. 

III. 

IV. 

All. 

Number  observations 

38  ': 

•55 
•53    i 

44 
•87 
•74 

73 

1^27 
1^07 

23 
2^00 
1^77 

22 
3-15 
315 

156 

Probable  error,  Kegnault's  formula 

Probable  error,  proposed  formula 

1-72 
160 

The  probable  errors  according  to  the  new  formula  being  evidently 
less  than  the  others  we  conclude  that  the  total  heat  of  steam  may 
be  expressed  by  the  formula: — 

T  =  606-5  +  -3  t, 

and  that  the  total  heat  at  the  boiling  point  is  6o6"5  instead  of  637 
as  commonly  taken, 

II,  Absolute  Dilatation  of  Mercury. — Eegnault  gives  as  the  best 
formula  for  the  absolute  increase  of  volume  of  mercury  by  heat. 
I  =  -0001790  t  +  -000002523  t^,  in  which  I  is  the  increase  oiYolumQ 
and  t  the  temperature.  I  first  assumed  the  simple  equation  I  =-00018 
t,  and  constructed  differences  to  a  scale  176  times  that  of  Eegnault, 
(a  a,  pi.  II.)  The  points  followed  approximately  a  parabola  with 
vertex  at  the  origin,  showing  that  it  was  necessary  totakeinto  account 
the  second  power  of  t.  My  second  approximation  therefore  was 
•000002  f,  which  gives  a  result  represented  in  Plate  II.   I  was  now 
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cii;il)l(!(l  Id  i!iilai';-'i;  10  liiiios  more  llian  Ivloir.  oi  1700  liinofl,  which 
corrc8i)omls  to  a  unit  ahoiil.'i  mile  in  lori^lh.  'J'hat  is,  if  one  coluiiiri 
dC  mercury  was  oiici  mile  N^ii;^'  its  r\m\v^}i  in  vohimo  vvoiiM  be  nhown 
ill  ils  truo  (limiMi.sii)ii.s.  Tlio  |»oiiit.s  (if  eauh  aericH  of  obHcrvutioiiJi 
are  coiiiicctt;*!  to^'ctlicr  ^'iving  lour  zigzug  lines  for  tlic  four  Hcrica. 
IMu!  curved  line  H  H  sliows  the  viihies  computed  by  Itegnault's  for- 
mula. Series  1.  is  evidently  better  sati.yfied  by  the  new  formula  as 
every  point  falls  above  the  curved  line.  Series  11.,  on  the  other  hand, 
agrees  best  with  the  formula  of  Regiiault.  Series  III.  and  IV. agree 
much  better  with  the  axis  except  for  temperatures  above  270'^.  Al- 
though there  is  much  uncertainty  attending  this  measurement,  yet 
there  seems  for  these  jioints  a  decided  tendency  to  rise  above  the 
axis. 

Computing  as  before  the  probable  errors,  we  have : — 


Series. 


Number  of  observation 4 

Resrnault's  formula '  3*4 

I 

Proposed  formula j  22 


2 

3 

'  j 

6 

11 

14 

38 

5-4 

5.C 

4-5 

3-7 

50 

All. 

35 
51 
4-3 


The  unit  is  •00001.  AVe  see  then  that  every  series  except  the 
second  gives  a  less  probable  error,  while  the  much  greater  ease  of 
computing  with,  or  remembering  the  new  formula  is  obvious  if  we 
write  one  below  the  other  thus: — 

Reguault's  formula,  I  =  -0001790  t  +  -000002523  t-. 
Proposed  formula,     I  =  -OOOIS  t     +  '000002  i- 

If  we  take  our  unit  of  temperature  100°  instead  of  1°  we  have 
I  =  -018  i  +  -02  t\ 

III.  Pressure  of  Steam. — The  principal  object  of  Eegnauh's  re- 
searches was  to  determine  this  law.  He  drew  a  smooth  curve 
through  his  observed  points,  and  then  compared  it  witli  several  em- 
pirical formulas.  As  he  gives  the  differences  in  numbers  it  is  dif- 
ficult to  compare  them  with  one  another.  I  have  therefore  con- 
structed points  in  PI.  III.  in  which  the  horizontal  distances  repre- 
sent temperatures,  vertical  distances,  the  difference  in  pressure  com- 
puted by  the  formula  and  that  given  by  the  curve.  The  unit  is  1 
mm.,  and  the  scale  below  100°  ten  times  that  above. 
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The  exponential  formula  of  Biot  was  first  tried.  Log.  f  =  a  + 
Z»  a'*  +  c  /5^,  in  which  F  is  the  pressure,  x  the  temperature  plus  a 
constant.  In  equation  (f)  which  relates  to  temperatures  above  100°, 
x=i!  — 100,  in  (h)  a;  =  T  +  20,  and   applies  to  all  temperatures. 

M.  Roche  proposed  the  formula  f  =  a  a  i  + 1"^  founded  on  theo- 
retical considerations  and  represented  by  K.  The  deviation  here 
being  greater,  the  exponential  formula  was  adopted,  and  by  it  the 
common  table  for  the  pressure  of  steam  was  computed.  It  will  be 
noticed  that  certain  irregularities  are  common  to  all,  for  instance, 
at  150°  and  200°.  These  were  evidently  due  to  the  impossibility 
of  constructing  graphically  a  perfectly  smooth  curve.  As,  more- 
over, the  deviation  in  man}^  cases  amounts  to  one  centimetre  we 
see  that  even  the  third  place  of  decimals  is  sometimes  doubtful. 

The  above  examples  show  that  it  is  perfectly  possible  thus  to 
render  obvious  the  errors  even  in  the  most  accurate  series  of  expe- 
riments, while  from  a  curve  we  are  able  to  judge  with  far  more  cer- 
tainty of  the  nature  of  the  errors  and  the  best  means  of  diminishing 
them,  than  it  is  possible  to  do  from  the  numerical  results. 

Mass.  Inst.  oT  Technology,  Nov.  1st,  1870. 


ON  THE  COMPOSITION  OF  THE  SHELL  OF  THE  LINGULA 
PYRAMIDATA. 

By  Chakles  P.  Williams,  Professor  of  Chemistry,  Delaware  College. 

In  1854,  Dr.  T.  Sterry  Hunt  first  showed  *  that  tbe  shells  of  the  ■ 
Lingulae  were  composed  mainly  of  calcic-phosphate,  and  that,  at  least 
so  far  as  their  cinereal  ingredients  were  concerned,  they  had  a  com- 
position closely  approximating  to  that  of  the  bones  of  the  verte- 
brata.  The  probable  relation  of  fossil  species  of  this  genus  to  the 
phosphatic  nodules  found  in  the  oldest  members  of  the  Silurian 
rocks  of  Canada,  was  also  pointed  out  by  the  same  chemist.  Re- 
cently, Prof.  W.  C.  Kerr,  Geologist  to  Korth  Carolina,  has  ascribedf 
the  origin  of  the  material  of  the  interesting  and  commercially  im- 
portant deposits  of  South  Carolina,  to  an  existing  species  of  same 
genus.     This  species  is  the  LinguJa  Pyramidata,  now  living  in  the 

*  Am.  Jour.  Science  (2)  XVII,  page  235. 

+  In  a  paper  read  before  the  American  Association,  at  its  August  (1870)  meet- 
ing— an  abstract  being  given  in  the  American  Chemist,  Nov.,  1870,  p.   180. 
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slioiils  along  tlio  coasts  of  Norlli  and  South  Carolina,  and  liaviug, 
uc.conling  to  tliu  last  named  observer,  a  liabitat  al  tlie  prceifc  levcd 
Ashley  pliosplmtes. 

Some  months  since,  tiirou;^li  the  kindness  of  Mr,  (jeo.  'V.  Ltnvis, 
of  Philadelphia,  I  received  several  specimens  of  this  interesting 
l)rachia))od,  and  have  completed  two  analyses  of  a  sample  of  their 
shells.  The  si)ccimens  were  from  lieaufort  Harbor,  N.  C.  The 
average  weight  of  the  detached  sliclls  and  adlicring  membrane,  in 
their  fresh  state,  was  •Oi3()  grammes.  The  samples  were  carefully 
dried  at  100"  C,  and  the  analyses  were  conducted  in  the  f(jllowing 
manner:  The  organic  matters  were  estimated  by  incineration  and 
subsequent  moistening  witli  carbonate  of  ammonia  and  ignition. 
The  hydrochloric  acid  solution  was  treated  with  ammonia  and 
acetic  acid,  for  the  precipitation  of  the  ferric  phosphate  and  fluo- 
ride of  calcium  ;  in  the  filtrate  acidulated  with  acetic  acid,  the  lime 
was  thrown  down  as  an  oxalate,  but  subsequently  converted  into 
and  weighed  as  a  sulphate ;  the  magnesian  phosphate  precipitated 
in  the  filtrate  by  the  addition  of  ammonia,  and  finally  the  remaining 
phosphoric  acid  separated  by  adding  the  magnesian  solution.  This 
last  precipitate  was  dissolved,  and  re-precipitated  and  weighed  in 
the  usual  manner.  The  first  precipitate,  by  ammonia  and  acetic 
acid,  was  analyzed  for  fluoride  of  calcium,  and  separate  samples 
were  taken  for  the  carbonic  acid  and  for  the  sulphate  of  lime,  etc., 
soluble  in  water.     Annexed  are  the  results : 


I. 

II. 

Mean. 

Organic  matters, 

41-C93 

41-580 

41-336 

3  Ca  0  PO3, 

50^753 

49-927 

50^340 

3  MgO  P0„ 

5-064 

5-314 

5^18y 

3  FeO  PO^, 

trace. 

trace. 

trace. 

Ca  PL, 

•975 

•790 

•882 

CaO  CO2, 

2-411 

2-607 

2^509 

CaO  SO3, 

•208 

•098 

•153 

Chlorides, 

traces. 

traces. 

traces. 

Insoluble  in 

acids, 

•183 

trace. 

•091 

100-687 


100S16 


100.501 


In  Dr.  Hunt's  analysis  of  a  specimen  of  the  Lingula  ovalis,  0"186 
grammes  lost  by  calcination  0-072  grammes,  which  corresponds  to 
39-24:  per  cent,  of  organic  matters.  The  ash  gave  him  85-79  per 
cent,  of  tri-calcic  phosphate,  which,  calculated  to  the  original  shell, 
would  give  52-12  per  cent. — a  result  not  difi*ering  materially  from 
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that  obtained  by  myself  for  the  Lingula  pyramidata,  and  both 
showing  a  close  approximation  in  the  shell  of  this  brachipod  to  that 
of  human  bone.  ISTo  estimation  was  made  of  fluoride  of  calcium  by 
Hunt,  but  in  the  species  analyzed  by  me  the  relation  existing  in 
apatite,  between  this  substance  and  the  phosphate  of  lime,  was  not 
obtained. 

From  among  the  many  complete  analyses  of  the  Charleston  phos- 
phate I  have  from  time  to  time  made,  the  following  (I)  is  selected 
for  comparison  with  the  result  (II)  obtained  by  Hunt,  in  an  analysis 
of  a  rounded  mass,  of  a  yellowish  color,  from  the  Chazy  limestone 
of  Hawkesbury,  containing  fragments  of  a  fossil  Lingula,  and  which 
had  probably  resulted  from  this : 

II. 

44-71 

Mg  O  CO,,  4'76 

860 

6-60 


5-00 

27'96 


I. 

3  CaO  PO5, 

60-47 

3  Mg  0  PO5, 

2-38 

K\  03  +  Fe,  O3, 

2-08 

Can, 

-70 

CaO  CO,, 

8-34 

CaO  SO3, 

2-89 

NaCl, 

-62 

Organic  matters, 

8-56 

Insoluble  Silicious  Matters, 

12-27 

98-31  97-56 

These  results,  compared  with  the  composition  of  the  possible 
sources  of  the  materials — the  Lingulte — show  that  in  the  process  of 
fossilization  the  phosphate  of  lime  is  not  concentrated,  but  is  rather 
diminished,  it  may  be,  either  by  solution  through  the  agency  of  the 
decomposition  of  the  nitrogenous  organic  matters  of  the  recent  spe- 
cimens, or  by  decomposition  through  carbonic  acid  and  subsequent 
solution.  S.  P.  Sharpies,  '^'  in  commenting  upon  his  analyses  of 
rocks,  bearing  some  analogy  to  the  Charleston  phosphates,  but  ob- 
tained by  dredging  from  the  Gulf  Stream,  suggests  this  same  change 
in  the  direction  of  loss  of  phosphate  of  lime,  and  states  that  the  more 
recent  the  bone  the  more  abundant  the  phosphoric  acid.  Admitting 
this,  the  diminished  amount  of  calcic-phosphate  in  the  Charleston 
material  cannot  be  regarded  as  militating  against  the  view  that  its 
origin  may  be  due  to  the  comminution,  alteration  and  agglomeration 
of  the  shells  of  the  Lingula  now  inhabiting  the  shoal  waters  of 
the  coast  of  North  and  South  Carolina  The  persistance  of  these 
*Am.  Jour.  Sciences,  March,  1871. 
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brachipods  tlirongh  all  geological  pcriodH,  from  the  Poliwlam  sand- 
stone upwards,  in  connection  with  tlie  com[)0,Hition  of  tlicir  testaceous 
coverings,  may  f^ivo  thorn  a.si;.Mu(i(!aii(;<:  in  the  genesis  of  phospliatic 
nodules  and  minerals,  not  now  admilled.  'i'hcy  may  at  least  sug- 
gest the  incjuiry  in  how  far  other  recent  deposits  of  the  so-called 
phos[)hatic  guanos,  such  as  are  found  on  Navassa,  Swan,  and  Som 
brero  islands  may  originate  from  the  remains  of  other  MoUuscoui 
animals  with  shells  of  a  composition  similar  to  the  Lingulae. 

Ni'wiirlc,  Dflnwnri',  Mure}!  l:t,  1H71. 


ON  THE  USE  OF  HYDRAULIC  MORTAR. 

[TransUlcd  from   "  Dio  IiyJraiilischen  MOrtel''  of  Dr.  W.  Michaeli*,  for  the  Jour- 
nal of  tho  Franklin  Institute.] 

By  .\dolpu  Ott 

It  is  the  peculiarity  of  all  hydraulic  mortar,  that  it  hardens  under 
the  influence  of  water,  and  becomes  almost  wholly  insoluble  in  the 
same;  it  is  therefore  necessary  to  make  use  of  it  wherever  a  con- 
struction is  exposed  to  the  destructive  agency  of  that  element,  either 
continually  or  from  time  to  time. 

Hence,  this  mortar  is  one  of  the  most  essential  requisites  for  all 
hydraulic  constructions,  as  it  would  be  impossible  to  erect  a  durable 
building  under  water  without  having  recourse  to  this  cement,  un- 
less the  use  of  mortar  be  abstained  from  altogether,  and  large  and 
carefully  prepared  building  stone  used  instead,  "whicli  would  not  re- 
quire any  cementing  whatever. 

The  enormous  cost  and  the  difficulties  of  the  latter  method  would 
most  undoubtedly  reduce  the  number  of  such  constructions  to  a 
minimum,  and  when,  for  instance,  we  now  see  imposing  lighthouses 
boldly  defying  the  threatening  pressure  of  the  waves,  the  mariner 
might  be  exposed  to  all  the  dangers  of  the  coast  without  a  warning 
signal  or  a  guiding  beacon ;  where  splendid  ports,  with  massive  docks 
and  bulwarks,  most  effectually  protect  trade  and  commerce  against 
the  indomitable  nature  of  a  powerful  element,  we  would  probablv 
find  no  trace  of  the  lively  intercourse  and  international  commerce 
which  animate  our  principal  seaports,  had  not  human  skill  and 
ingenuity  found  means  to  replace  by  art  what  nature  has  either  re- 
fused or  granted  only  at  a  few  exceptional  places. 

And  even  at  the  latter  it  is  reserved  to  the  hand  of  man  to  give 
Vol.  LX.— Third  Series. — No.  4  —April,  1S71,  30 
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to  these  protecting  agencies  all  the  perfection  of  which  thej  are  sus- 
ceptible. 

For  the  security  of  commerce,  for  coast  defence  and  protection, 
for  the  intercourse  on  our  water  roads  in  the  interior,  and  for  a 
thousand  other  purposes,  hj^draulic  mortar  is  of  the  highest  im- 
portance. 

Far  from  being  useful  only  where  nature  demands  its  application, 
it  replaces  air-mortar  in  most,  not  to  say  in  all  instances,  with  the 
best  success. 

This  applies  especially  to  the  best  descriptions  of  hydraulic  mor- 
tar, and,  above  all,  to  the  Portland  cement. 

The  extraordinary  hardness  which  this  cement  acquires  in  so 
short  a  time,  and  which,  as  has  been  proven  by  numerous  trials  and 
investigations  in  comparison  with  other  mortars,  makes  the  finished 
construction  appear  as  if  chiseled  out  of  one  block  and  out  of  one 
substance,  as  a  monolite,  is  conclusive  proof  of  the  superior  advan- 
tages of  this  cement  over  common  lime  mortar,  wherever  solidity  and 
durability  are  aimed  at,  especially  where  a  construction  has  to  be 
finished  within  the  shortest  time  possible. 

Yes,  we  may  safely  assert  that  the  use  of  this  mortar  for  build- 
ings above  water  has  made  a  remarkable  impression  on  our  modern 
architecture,  and  has  replaced  the  old  stiff  and  clumsy  masses  by 
elegance  and  boldness  of  conception. 

One  need  but  compare  the  columns,  arches  and  lofty  balconies  of 
the  present  day  with  those  of  former  periods,  to  see  how  much  more 
ease  and  freedom  characterizes  our  modern  style.  It  looks  as  if  the 
architect  knew  how  to  inculcate  his  creation  with  his  genius,  yea,  as 
if  he  had  succeeded  to  free  himself,  as  if  by  magic,  from  the  fetters 
of  gravitation,  to  which  all  matter  is  inevitably  subjected. 

This  supposed  magic  power  is  nothing  else  but  the  solidity  of  the 
materials  at  his  disposal,  mortar  and  iron. 

The  first  practical  application  of  hydraulic  mortar  of  any  descrip- 
tion was  most  probably  made  during  the  last  century  before  the 
Christian  era. 

Vitruvius,  to  whose  description  of  hydraulic  mortar  we  shall 
hereafter  refer,  speaks  of  its  use  in  the  construction  of  piers  and  build- 
ings in  moist  and  swampy  localities.  From  the  time  of  Pliny  (who 
reproduces  the  report  of  Yitruvius)  up  to  the  fifteenth  century,  no 
further  mention  is  made  of  the  use  of  this  material. 

During  the  fifteenth  and  sixteenth  centuries,  Leo  Baptista  and 
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Paladi(j  Scaiiio/zi,  two   Italian   authors,  ari«i  I'liilihc-rl  dc  Lormc,  a 
French  writer,  liavc  made  precisely  tlie  Harne  reports  as  Vitruvius, 

Since  tlic  hitter  part  of  the  seventeenth  century,  the  Dutch,  the 
condition  of  whose  country  renders  hydraulic  constructi(jns  espe- 
cially desirable  and  necessary,  liave  used  trass,  with  tlie  cxcellcMt 
hydraulic  ([ualities  of  which  they  liad  become  acquainted.  Next  to 
Holland,  the  ajiplicatiou  of  water  mortar  was  first  resorted  to  in 
France,  and  then  in  England,  but  up  to  the  middle  of  the  eighteenth 
century  nothing  further  became  known  about  its  use  and  application 
than  that  which  had  already  been  familiar  to  the  Komans  ;  for  the 
eminent  work  of  B('lidor("  Architecture  hydraulif|ue,  Paris,  175:3, ") 
contains  nothing  but  the  directions  given  by  Vitruvius.  Since  the 
end  of  the  last  century,  however,  a  lively  and  general  interest  in  the 
subject  has  manifested  itself. 

The  celebrated  architect,  Sraeaton,  builder  of  the  Edystone  light- 
house, and  author  of  the  work  published  on  its  construction  in  1701, 
gave  a  fresh  impulse  to  the  experiments  with  and  the  universal  at 
tention  paid  to  hydraulic  mortar.  He  had  to  solve  the  problem  of 
constructing  a  high  and  colossal  structure,  exposed  to  the  tremen- 
dous fury  of  the  sea,  for  which  purpose  he  had  to  look  out  for  a 
mortar  capable  of  resisting  the  influence  of  water  most  effectively 
and  lastingly,  in  order  to  prevent  the  rapid  ruin  of  the  edifice.  For 
this  purpose  the  various  descriptions  of  English  lime  were  subjected 
to  a  careful  examination,  until  he  found  that  the  hardening  of  mor- 
tar in  water  was  solely  dependent  on  the  proportion  of  clay  it  con- 
tains :  071  its  argilliferousness,  and  not,  as  Bclidor,  George  Semple 
(1776),  and  Dr.  Higgins  (1780)  had  assumed,  on  the  hardness  and 
denseness  of  the  limestone. 

The  excellent  qualities  of  Parker's  mortar,  introduced  in  1796,  and 
subsequently  called  Koman  cement,  but  above  all,  the  invention  of 
artificial  cement  of  decidedly  superior  efficacy  (1822,  Girault  and 
St.  Leger,  182-4,  Joseph  Aspdiu)  more  especially  contributed  to  the 
introduction  of  the  hydraulic  mortar.  The  great  advantages  se- 
cured by  the  use  of  the  better  descriptions  of  these  artificial  cements' 
are  so  indisputable  that  their  application  is  calculated  to  become 
more  general  froni  day  to  day. 

Hvdraulic  lime  and  cement,  if  to  be  used  as  rnbrtar,  are  mixed" 
either  with  sand  or  with  some  other  material  serving:  as  a  substitute 
for  sand.  For  weak  hydraulic  lime,  such  an  admixture  is  an  essential 
improvement ;  the  weakest  descriptions  of  it  would  not,  in  fact,  be 
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of  acy  practical  use  without  it,  as,  like  common  lime,  thej  are  not 
in  themselves  of  suflBcient  solidity. 

With  cement  it  is  different,  however,  and  we  need  only  call  to 
mind  the  specific  gravity,  the  structure  and  the  hardness  of  Portland- 
cement  to  explain  this. 

But  if  even  Portland-cement  receives  inmost  cases  an  admixture 
of  sand,  the  reason  of  it  is  this,  that  although  its  hardness  is  no 
doubt  considerably  lessened  by  this  process,  it  still  remains  suf- 
ficient to  afford  the  necessary  security  (Portland-cement  mixed  with 
three  times  its  quantity  of  sand  becomes  in  a  few  months  superior 
to  air-mortar  more  than  a  hundred  years  old),  while  the  cost  of  the 
material  is  thus  evidently  reduced  in  no  small  degree.  It  is  also 
found  that  Portland-cement  is  worked  with  greater  ease  and  security 
when  mixed  with  sand. 

The  best  admixture  is  undoubtedly  sand.  It  has  been  used  for 
that  purpose  from  time  immemorial,  and  it  is  indeed  the  best  adapted 
material,  as  well  on  account  of  its  nature  and  special  quality  as  on 
account  of  the  facility  with  which  it  can  be  procured  almost  everv- 
where. 

The  circumstance  that  the  hardness  of  any  mortar  prepared  with 
sand  is  dependent  on  the  greater  or  smaller  adhesion  of  the  lime  or 
cement  to  the  sand,  shows  conclusively,  that  not  every  kind  of  sand 
is  fit  for  the  preparation  of  mortar;  that  its  adaptability  for  that 
purpose  is  dependent  on  the  condition  of  its  surface,  on  its  form  and 
cleanliness.     As  far  as  the  cohesion  of  the  sand  is  concerned,  clean 
quartz-sand  is  preferable  to  all  others,  on  account  of  its  greater  so- 
lidity and  of  its  greater  power  of  resistance  to  the  decomposing  in- 
fluence of  the  weather.     From  a  chemical  point  of  view,  however, 
an  admixture  of  feldspar  or  other  mineral  debris,  upon  which  lime 
exercises  its  action,  however  slowly,  might  be  recommended,  inas- 
much as  they  cause  a  slow  but  constant  increase  of  the  firmness  of 
the  material,  especially  when  weak  hydraulic  lime  has  been  chosen. 
At  Havre,  for  instance,  they  use  almost  exclusively  sand  com- 
posed of  flint-detritus,  because  it  has  been  found  that  it  makes  a 
far  better  mortar  than  any  other  material. 

Surfaces  which  are  covered  with  light  dust  or  with  loose  clay- 
mire  always  form  a  great  impediment  to  intimate,  close  cementin"ir. 
It  is  well  known  that  scarcely  more  than  five  per  cent,  of  clay  are 
sufficient  to  reduce  the  hardening  capacity  of  ordinary  lime  mortar 
to  a  minimum.     It  is  therefore  necessary  to  resort  to  a  careful 
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wftsliin^  of  all  .saml  wliitli  is  to  1)0  used  for  tlm  pri-pftralion  of  mor 
tar,  and  \vlii(;li  is  not  in  ilw-lf  vcrry  clean,  iirjlil  tin;  walf.T  ruriH  off 
clear.  Sand  taken  from  the  bed  of  a  river  and  hea-Mind  havr*  •/'■'•■ 
through  smh  a  washing.;  [)rocc.s.s  to  an  cxtcnHivo  dc^^rec ;  ' 
sands  are  con.siM|iiently  s'i'-ry  clean  in  nio.-^t  ca^es,  and  would  ihcrc 
fore  b(!  (5Xtreniely  well  lilted  for  <jur  jiiir(i(<.^<-,  if  they  had  not  been 
ground  into  smooth  round  granules  through  the  eon.slant  influcneo 
of  the  moving  water.  Now,  it  is  well  known  that  bodie.i  of  a 
sphorieal  form  ofler  the  smallest  surface  proportionately,  and  that 
an  aggregate  of  such  globules  contains  the  largest  intermediate 
space.  Such  sand  is  ther(!lore  of  but  V(!ry  little  use  when  we  have 
to  look  abovcall  to  the  greatest  possible  surl"a';e,and  to  the  smallest 
measure  of  interstices.  For  this  rea.son,  clean,  angular  and  irregu- 
larly shaped  pit-sand  may  be  considered  the  best  admixture,  espe- 
cially where  it.s  surface  is  largest  in  proportion  to  it.«  quantity,  and 
wlierc  it  almost  assumes  tlic  form  of  leallets,  such  as  are  obtained 
by  the  sjditting  of  minerals. 

As  it  is  desirable  that  the  extent  of  surface  bo  proportionately 
larger  than  the  ([uantity  of  the  Band,  fine  sand  is  always  preferable 
to  coarse ;  the  latter  should  never  be  used  alone,  but  should  always 
be  mixed  with  a  suflicicnt  proportion  of  fine  sand  to  fill  up,  as  far 
as  this  can  be  done,  tlic  intermediate  space  between  the  coarse  gran- 
ules. 

The  quantity  required  for  this  purpose  can  easily  be  ascertained 
by  taking  a  certain  volume  of  coarse  sand,  one  liectolitre  for  in- 
stance, and  by  pouring  into  it  water  out  of  a  gauged  vessel,  or  from 
a  weighed  quantity,  until  all  the  intermediate  space  is  filled  up,  and 
the  water  begins  to  show  itself  at  the  surface.  The  quantity  of 
water  used  indicates  the  aggregate  intermediate  space  in  the  coarse 
sand.  By  proceeding  in  the  same  manner  with  the  fine  sand  in- 
tended for  admixture,  the  difference  in  the  volume  of  water  used 
shows  the  quantum  of  fine  sand  required  to  fill  out  the  interstices 
in  the  coarse  material.  But  wherever  fine  sand  can  be  easily  ob- 
tained at  small  expense,  such  particular  measuring  may  be  done 
awav  with,  as  it  is  better  to  take  at  random  a  larger  quantitv  for 
admixture. 

Coarse  sand  may  be  used  in  larger  proportions  where  solidity  and 
compactness  are  not  especially  aimed  at ;  in  the  construction  of 
foundations  gravel  and  stone  debris  answer  the  purpose. 

The  quality  of  sand  may  be  easily  ascertained  as  follows  : 

If  good  sand  is  rubbed  between  the  hands,  its  roughness  is  felt, 
and  a  grating  sound  is  heard. 

If  spread  on  white  paper  or  linen,  and  rubbed  smooth,  no  dirty 
spots  or  stains  should  be  visible  on  the  paper  or  linen. 

If  shaken  in  a  glass  of  water,  the  latter  ought  not  to  appear  ma- 
terially troubled. 

(To  te  continued.  I 
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Proceedings  of  the  Seated  Meelinc;,  January  18>h,  1871. 

The  meeting  was  called  to  order  with  the  President,  Mr.  Cole- 
man Sellers,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers, 
and  reported  that  at  their  stated  meeting,  held  January  14th,  dona- 
nations  to  the  Library  were  received  from  the  Royal  Institution  of 
London,  I'Academie  des  Sciences,  of  Paris;  theGeologischen  Reichs- 
anstalt  of  Vienna,  Austria;  the  Literary  and  Historical  Society  of 
Quebec,  Canada  ;  Col.  J.  B.  Eads,  Chief  Engineer  of  the  Illinois  and 
St.  Louis  Bridge,  St.  Lous,  Mo.;  Prof.  J.  C.  Coffin  and  the  Surgeon 
General's  Office,  Washington,  D.  C. ;  Gen.  W.AV.  Wright.  Leaven- 
worth, Kansas;  and  from  Wm.  Q.  Wharton,  Phila. 

It  was  further  reported  that  Samuel  Hart  and  Wm.  B.  Bement 
had  resigned  their  membership  in  the  Board  of  Managers,  and  the 
annual  report  of  the  Board  to  the  Institute  was  read. 

The  Judges  of  election  for  the  year  1871  here  reported  that  the 
balloting  had  resulted  in  the  choice  of  the  following  gentlemen  as 
officers,  to  wit : 

For  President^  Coleman  Sellers, 

For  Vice-President,  Robert  E.  Rodgers. 

For  Treasurer^  Frederick  Fraley. 

For  Secretary^  AVra.  H.  Wabl. 

Managers,  for  three  years,  Wm.  B.  Le  Van,  Jacob  Xaylor,  Samuel 
Sartain,  Chas.  Bullock,  Enoch  Lewis,  Wm.  Helm,  R.  Egglesfield 
Griffith,  Ed.  H.  Williams. 
-  For  two  years,  Hector  Orr  and  Clarence  S.  Bement. 

For  Auditor,  Wm.  Biddle. 

The  President  expressed  his  gratification  at  the  compliment  of 
re-election  and  announced  the  reading  of  a  paper  upon  the  Modes, 
of  Determining  of  Horse  Power  by  Edward  Brown.* 

The  paper  provoked  considerable  discussion  participated  in  by. 
Messrs.  Briggs,  Le  Van  and  Brown.  On  motion  of  the  last  named 
gentleman  a  committe  of  five  was  appointed  b}'-  the  President,  to  in- 

*  For  Abstract  of  this  paper  see  Vol.  LXI.,  page  187. 


liihll'iu/rnp/iirnl  NfiticvM.  ?S7 

vostigftto  tlio  .'^iil)|orl  of  ihc:  papor  and  to  report  if  posgibl**    ip'Mi  i 
luiiforin  plan  to  be  followtvl   in  tlm  estimation  of  II,  I*.     The  corn 
inittco  con.si.»<t('(l  of  M«>s.sr.x.  IJrown,  I'riggn,  Lu  Van,  Cooper,  Wuhl. 

The  ri'port  of  tin;  Secretary  on  novoltifs  in  Mcicnci's  ami  the  in«; 
ehanic  arts  was   next    read,  after  wliich   Prof.  Morton  exljibited  a 
variety  of  wave  and  eoliesion  figures  in  liin  newly  devi«ed  vertical 
hiutorn. 

Tlie  iiu'cting  was  then  adjoiinied. 

W  M .  11.   W  A 1 1  [.,  Sicrela  nj. 
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Explosion  of  Steam  Boilns.      By  J.  \\.  Robinson,  Steam   Engineer. 

Little,  Brown  &  Co.     Boston,  1870. 

Mr,  Robinson's  little  book  gives  us  accounts  of  boiler  explosions 
when  caused  by  low  water,  overpressure,  defect  in  materials,  sedi- 
ment, and  repulsion  and  overheating  of  the  water  in  the  boiler,  and 
tells  us  how  explosions  from  these  several  causes  may  be  prevented. 
He  presents  to  us  some  of  those  "  wonderful  manifestations  of  the 
power  of  the  repulsive  action  of  heat  upon  water,  and  of  the  explo- 
sive force  of  the  sudden  vaporization  of  water  on  the  bottom  of  a 
steam  boiler,''  witnessed  by  him  during  recent  experiments,  which 
throw  some  light  upon  the  dark  side  of  this  mysterious  subject,  and 
which  "  also  show  how  a  strong  steam  boiler  ma}'  be  caused  to 
explode  at  or  below  the  ordinary  working  pressure,  without  a  sign 
of  trouble  with  the  water  noticeable  at  the  surface  up  to  the  time  of 
the  explosion,  and  without  an  elevation  of  the  temperature  of  the 
boiler  that  it  would  be  possible  to  detect  b}*  the  most  careful  exam- 
ination afterwards,."  which  fact  is  truly  alarming,  and  the  announce- 
ment of  which  should  start  us  at  once  in  search  of  a  remedv. 

Mr.  Robinson's  "  report,"  in  a  few  words,  but  deserved  ones,  i.s 
written  by  an  intelligent  practical  man,  without  spread  or  bias,  and 
is  a  clear  presentation  of  facts  which  have  been  collected  from  first- 
class  authorities  and  from  his  own  experiments,  as  well  as  of  con- 
clusions drawn  from  these. 

It  deserves  careful  reading  and  consideration,  as  the  boiler  does 
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management,  and  we  shall  not  be  secure  against  destructive  ex- 
plosions of  steam  boilers  until  we  put  tbe  best  material  in  them, 
have  them  well  made,  take  good  care  of  them,  and  then  study  all 
the  particulars  of  their  make,  use  and  behavior,  as  Mr.  Robinson 
has  done,  of  which  this  hand  treatise  is  proof.  J.  H.  c. 


llie  Elements  of  Astronomy.  By  J.  Norman  Lockyer,  F.  E.  A.  S., 
Editor  of  Nature,  etc.  American  edition.  Revised  and  specially 
adapted  to  the  schools  of  the  United  States.  New  York:  D. 
Appleton  k  Co.,  1870. 

We  should  be  glad  to  see  this  valuable  little  volume  of  Mr.  Lock- 
yer s  thoroughly  domesticated  with  us,  The  subject  is  well  di- 
vided, and  his  descriptions  interesting  and  happily  worded.  It  is 
well  up  to  the  astronomy  of  to-day,  for  we  find  incorporated  in  it 
the  discoveries  of  recent  eclipse  observers  and  the  marvellous  reve- 
lations of  the  spectroscope.  It  is  amply  illustrated  with  admirable 
wood-cuts,  and  is  altogether  eminently  fitted  to  occupy  the  place 
for  which  it  is  intended,  as  a  text  book  in  our  schools. 


Galvanic  Battery  with  Nitric  and  Chromic  Acids. — On 

page  376  of  our  59th  volume  we  published  an  account  by  Mr.  W. 
P.  Levison  of  some  observations  which  he  had  made  on  the  bene- 
ficial effect  of  nitric  acid,  when  added  to  the  bichromate  solution 
now  so  much  used  in  the  Bunsen  battery. 

We  see  in  the  last  number  of  Sillimans  Journal  that  Mr.  S.  P. 
Sharpies  has  made  a  thorough  investigation  of  this  subject,  taking 
the  resistance  and  electro-motive  force  of  various  couples,  and  has 
come  to  the  conclusion  that  the  best  composition  for  this  purpose 
is  prepared  by  saturating  nitric  acid  with  potassium  bichromate  at 
a  moderate  temperature,  adding  one-third  volume  of  sulphuric  acid, 
and  then  adding  water  enough  to  re-dissolve  the  precipitated  chro- 
mic acid. 

A  cell  charged  with  this  fluid  about  the  carbon  has  the  same 
electro-motive  force  as  an  ordinary  Bunsen;  an  internal  resistance 
but  fifty  per  cent,  higher  is  sensibly  constant  for  twelve  hours  and 
gives  no  fumes. 
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ITEMS  AND  NOVELTIES. 

Boiler  Explosions. — In  Prof.  Thurston's  able  paper,  continued 
in  our  last  number,  allusion  is  made  to  the  good  effects  of  the  steam 
boiler  inspecting  and  insurance  companies  of  England,  and  to  the 
marked  benefits  which  had  resulted  from  their  labors.  "We  see  in 
the  last  number  of  the  Mechanics^  Magazine  that,  in  the  report  of 
the  Manchester  Steam  User's  Association  for  1870,  which  has  just 
been  read,  it  appears  out  of  211G  boilers  under  inspection,  no  ex- 
plosion has  occurred,  while  of  boilers  not  under  inspection,  51  have 
exploded,  killing  78  persons  and  injuring  106  others.  It  iscertainly 
high  time  that  this  preventable  loss  of  life  and  limb  should  be  ar- 
rested. 

In  further  illustration  of  the  fact  that  even  in  popular  estimation 
boiler  explosions  are  beginning  to  be  recognized  as  the  result  of 
preventable  conditions,  and  are  no  longer  to  be  regarded  as  inevitable 
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disasters  of  mysterious  origin,  we  quote  from  the  Nevj  York  Times 
the  following  remarks : 

"  The  explosion  of  a  steam  boiler  is  prima  facie  evidence  of  care- 
lessness in  its  construction,  or  in  its  use.  It  is  so  regarded  by  the 
engineers,  and  ought  so  be  regarded  by  the  law.  It  will  be  easy  to 
convince  anyone  who  will  examine  the  recordsof  boiler  explosions 
and  inquire  into  the  means  of  preventing  them,  that  no  injustice 
would  be  done  to  the  owners  of  boilers  by  indicting  them  for  cri- 
minal carelessness  in  all  cases  of  explosion. 

"  The  history  of  boiler  explosions  is  authentic  and  definite.  The 
boiler  has  usually  been  erected  under  the  full  light  of  modern  sci- 
ence. All  the  attending  circumstances  of  the  explosion  have  been 
immediately  communicated  to  the  public  ;  curiosity  has  aided  sci- 
ence in  making  every  man  an  investigator  of  these  circumstances 
and  a  searcher  after  causes ;  public  and  private  commissions  have 
been  appointed  to  examine  the  subject  generally  ;  numerous  legal 
tribunals  have  gone  to  the  bottom  of  special  cases,  and  innumerable 
private  professional  observers  have  witnessed  results,  searched  re- 
cords, weighed  evidence,  and  arrived  at  general  conclusions.  All 
the  plausible  theories  of  explosions  have  been  not  only  looked  into, 
but  worked  out,  in  many  cases,  experimentally  or  theoretical!}^,  to 
their  ultimate  limits. 

"  Now,  the  remarkable  and  unprecedented  resultof  all  this  inves- 
tigation is,  not  the  division  of  any  large  body  of  experts  into  schools ; 
not  the  building  up  of  rival  theories,  but  the  universal  Conviction 
of  all  concerned,  that  boiler  explosions  are  certainly  in  most,  and 
probably  in  all  cases,  the  result  of  malconstruction  or  maltreatment, 
and  of  nothing  else,  and  that  the  usual  immediate  cause  is  the  un- 
checked deterioration  of  the  boiler  in  service.  In  the  great  majority 
of  cases  the  evidences  of  carelessness  are  as  plain  as  the  time  of  day 
on  the  face,  of  a  clock — a  sheet  furrowed  nearly  through  ;  a  stay 
bolt  rusted  off;  a  crown-sheet  insufficiently  supported  •  expansion 
and  contraction  unprovided  for ;  water  connections  stopped  up  ;  bad 
material—some  one  of  the  many  obvious  and  certain  conditions  of 
rupture.  In  a  few  cases  the  immediate  causes  are  not  apparent, 
and  then  the  electricity  theorists,  and  the  gas  people,  and  the  mys- 
tery men  fight  over  the  remains  in  the  newspapers  ;  and  the  only 
reason  why  simple  neglect  is  not  discovered  to  be  the  causCj  is  that 
the  parts  of  the  boiler  which  would  otherwise  reveal  it,  are  blown 
away,  or  are  too  much  mutilated  or  obstructed  to  be  legible.    Sim- 
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plolmil  tru.iUneiiL  by  llio  iimker  or  usor  will  a(!«^ount  for  llicoriginal 
iiipLuio  wliicli  ends  in  any  oxphj.HiDn,  liuwcvcr  tuirillo  imiy  ha  iU 
oflbcts.  Tlioro  is  I'orco  unouii^li  rcMtraiiicd  williiii  (5very  Htcutn  boiler 
rnnninj^  today  to  porlorin  tho  most  tcrriblo  work  of  ruin  lliat  any 
similar  boiler  over  perrormcd  in  exploding.  W'lierj  lltin  force  la 
oneo  roleased,  tlie  amount  of  dcatruelion  depends  on  tho  point  of 
riij)tMr(',  the  resistance,  the  surroundings,  and(jnan  infinite  number 
of  circumstances,  mo.stly  oulsiile  of  our  control.  The  oidy  thing 
w'c  can  do,  and  it  is  enough,  is  to  keep  the  resistance  superior  to  the 
noi'mal  j>re.ssuii'. 

"Now  that  the  causes  ol  boiler  explosions  arc  so  well  understood 
as  to  be  a  matter  ofcommercial  calculation — wlicre  companies  make 
money  by  insuring  such  boilers  as  arc  constructed  and  maintained 
according  to  established  professional  rules — it  is  to  be  regretted  that 
the  goverimicnt  should  stand  helplessly  by,  and  sec  scores  of  people 
scalded  to  death  every  few  weeks,  for  the  want  of  an  adequate  law 
an4  a  system  of  inspection.  Boiler  insurance  and  inspection  com- 
panies— and  they  are  no  new  or  exjierimcntal  thing — simply  prove 
that  boilers  constructed  and  maintained  according  to  certain  well 
known  rules,  are  practically  safe  ;  that  the  chances  of  explosion, 
even  with  ordinary  water-tending,  are  very  remote,  and  they  stake 
their  money  on  this  knowledge;  and  yet  tho  United  States  Govern- 
ment has  been  unable  to  check  the  increase  of  these  disasters.  If 
Congress  cannot  at  once  provide  for  the  security  of  the  public 
against  boiler  explosions,  it  had  better  let  out  the  job  of  protecting 
its  citizens  to  some  insurance  company,  and  then  it  will  be  done  on 
scientific  principles,  and  by  competent  men." 

Steam  Boiler  Inspection. — The  second  annual  report  of  the 
Inspector  of  Steam  Engines  and  Boilers  for  Philadelphia,  which 
has  reached  us  through  the  kindness  of  the  editors  of  the  Suivlay 
Times^  aifords,  in  connection  with  the  preceding  item,  additional 
matter  for  reflection.  We  learn  from  it  that  during  the  year  1870 
there  were  upwards  of  one  hundred  disastrous  explosions  of  steam 
boilers  in  the  United  States,  by  which  three  hundred  and  twenty- 
six  persons  were  killed,  and  two  hundred  and  twent3'--seven 
wounded.  Those  who  were  instrumental  in  calling  this  Department 
into  existence  should  be  gratified  when  they  are  informed  that, 
during  the  same  year,  although  there  were  at  least  two  explosions, 
every  week  in  various  parts  of  the  United  States,  of  which  New 
York,  Baltimore,  Brooklyn  and  Chicago  had  their  respective  shares, 
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none  occurred  in  the  city  of  Philadelphia,  notwithstanding  the  fact 
that  it  has  a  greater  number  of  boilers  than  any  other  of  the  above 
mentioned  cities. 

The  following  paragraph,  embodying  some  excellent  views  on 
the  qualijBcations  of  engineers,  is  worthy  of  the  widest  publicity : 

"The  bill  recently  introduced  to  the  Legislature,  requiring  per- 
sons in  charge  of  stationary  steam  engines  in  this  city,  to  pass  an 
examination  before  a  competent  Board,  is  a  very  proper  movement, 
and  should  receive  favorable  consideration.  The  present  bill  may 
not  be  all  that  is  desired  in  its  provisions,  but  in  principle  it  is  cor- 
rect, and  the  mere  details  of  the  bill  can  be  so  amended  as  to  give 
us  a  law  that  will  be  satisfactory  in  its  construction  and  beneficial 
in  its  operations.  A  man  in  charge  of  a  stationary  steam  engine, 
driving  machinery  requiring  the  labor  and  attention  of  hundreds  of 
industrious  operatives,  has  a  vast  responsibility,  involving  life  and 
property,  and  should  be  required  to  demonstrate  his  fitness  and  ca- 
pacity for  the  duties  of  an  engineer.  It  frequently  happens  that 
men  are  employed  as  engineers  who  have  no  idea  whatever  of  the 
mechanical  intricacies  of  an  engine,  and  whose  knowledge  of  ma- 
chinery does  not  extend  beyond  the  lever  by  which  its  motion  is 
regulated.  Some  trifling  defect,  which  an  educated  mechanic  would 
instantly  perceive  and  immediately  correct,  might  be  permitted  to 
pass  without  notice  by  an  inexperienced  and  ignorant  person,  and 
result  in  a  terrible  catastrophe.  In  many  cases  the  owners  of  mills 
and  factories  regard  the  amount  of  wages  to  be  paid  for  running 
the  engine  as  the  primary  consideration,  and  never  give  a  thought 
to  the  hundreds  whose  lives  are  thus  wantonly  exposed  to  his  cu- 
pidity and  his  engineer's  ignorance.  The  public  cannot  be  too  se- 
curely guarded  against  the  dangers  by  which  they  are  constantly 
threatened  through  the  employment  of  ignorant  and  incompetent 
men  as  engineers." 

The  Mont  Cenis  Tunnel.-^One  of  the  most  difiicult  of  modern 
engineering  undertakings  is  now  practically  finished,  and  a  review 
of  the  work  accomplished  will  give  a  general  idea  of  its  magnitude. 

Mont  Cenis,  through  which  the  tunnel  has  been  bored,  is,  at  its 
most  elevated  point,  about  12,000  feet  in  height,  and  separates  the 
French  province  of  Savoj'"  from  Piedmont  in  Italy.  The  tunnel  is 
very  nearly  8  miles  in  length,  its  width  is  25  feetj  and  height  24 
feet.  The  character  of  the  rock  through  which  borings  have  pene- 
trated was  variable  in  different  parts^-^-consisting  of  schist,  quartz 
and  limestone  \  mainly,  however,  of  the  first. 
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Tlif!  wf)rlc,  rornrnoncod  in  18^7,  has  been  energetically  carried  on 
since  tli(!n  willioiif  inl(Mru|»tion,  tlio  moan  daily  pro^rcMM  liaving 
l)C('n  jihoiit.t  It'll.  Till!  tiiMMfl  routo  will  fnrniMli  an  unintcrru[)t4d 
railwiiy  coinnmnication  Ix-lwj-cn  tlio  north  of  France  and  llio  houiIj 
olMtaly,  wliilo  tlio  port  of  Brindi.si,  it.>J.s(Milhcrn  terniinuH,  i«  tho  place 
oCdoparturi!  and  arrival  of  .«tcaincr8  to  and  from  tlio  Ka.st,  through 
lliat  other  marvel  of  engineering  perseverance,  the  Suez  Cunal, 

An  Old  Invention. — "Before  this  peri'td  a  Wm.  lilakely,  by 
a  new  appliralion  of  Savei'y's  engine, 
(or  which  Ik;  obtained  a  patent,  pro 
posed  to  emj)loy  the  expansive  force 
of  steam.  This  is  the  first  plan  for 
raising  water  by  slron>j  steam  and  by 
an  easy  transition  to  do  anything 
else.  The  following  sketch  is  taken 
from  the  author's  small  tract  on  the 
subject  printed  in  Frencli  at  the 
llaufue  in  177G." — Treatise  on  Me- 
chanics  hi/  OUnlJius  Gregory^  London^ 
J815. 

The  above  is  an  early  example  of 
a  shell-less,  tubulous  boiler,  the  type 
of  numerous  modern  steam  genera- 
tors. ' 

.1.  II.  c. 

Improvements  in  Safety-Lamps,— Several  advances  in  this 
direction  have  lately  appeared  in  our  contemporaries  which  seem 
worthy  of  notice.  Mr.  W.  Simpson  has  devised  a  self-extinguish- 
ing arrangement  to  accompany  the  lamp.  It  is  designed  to  burn 
paraffine  oil,  which,  as  it  aftbrds  a  very  brilliant  light,  is  supposed 
partially  to  remove  the  incentive  to  remove  the  wire  cage.  Should 
the  attempt  be  made  to  open  it,  it  at  once  brings  into  action  an 
automatic  extinguisher,  which  consists  of  two  small  metal  plates 
that  fall  upon  the  wick  and  its  holder.  The  fall  of  the  plates,  is 
caused  by  a  spring  which  is  released  on  un.screwing  the  cage  from 
the.Jamp.  A  magnetic  lock  has  likewise  been  designed  by  Mr.  S.- 
P.  Bidder  for  use  with  the  safety-lamp.  This  is  so  arranged  that 
the  bolt  can  only  be  withdrawn  by  the  action  of  a  powerful  magnet^ 
a  strong  electro-magnet  is  therefore  permanently  fixed  in  the  lamp 
cabin. 
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As  thecollier  could  hardly  carry  with  him  without  detection  an 
instrument  powerful  enough  to  open  it,  the  contrivance  would  seem 
to  add  considerable  to  his  safety. 

The  Root  Blower  seems  to  be  meeting  with  great  success 
abroad  as  blast  supply  for  cupola  farnaces  and  also  in  many  cases 
to  take  the  place  of  the  ordinary  fan.  They  are  used  in  a  number 
of  Bessemer  works  and  some  forty  have  been  recently  put  up  at 
different  works  near  Glasgow,  while  in  all,  over  three  hundred  are 
in  operation  throughout  the  country. 

Proportion  of  Sliding  Surfaces. — We  see  a  reference  in  one 
of  our  contemporaries  to  the  fact  that  if  sliding  surfaces  are  equal 
to  each  other  they  will  wear  true  and  straight,  while  if  one  is  smaller 
than  the  other  the  smaller  will  wear  convex  and  the  latter  concave. 
The  reason  of  this  is  obvious  on  a  little  reflection.  In  the  case  of 
equal  surfaces  the  wearing  action  will  be  greatest  on  the  parts 
which  arc  always  in  contact  and  will  diminish  to  the  outer  extrem- 
ities. As,  however,  the  conditions  are  identical  for  each  surface 
this  will  tend  to  make  both  concave,  by  which  the  bearing  will  be 
brought  upon  the  ends  until  these  are  reduced  to  a  normal  condi- 
tion. With  unequal  surfaces,  however,  the  longer  becoming  con- 
cave through  the  greater  wear  of  its  middle  portions,  the  shorter 
grinds  away  to  fit  it. 

Railway  Ties  in  South  America  are  mostly  obtained  from 
California,  as  the  hard  wood  ties  cut  on  the  Andes  cannot  be  'used 
without  boring  the  spike  holes  with  augers.  The  original  cost 
of  a  tie  cut  at  San  Francisco  being  40  cents,  the  additional  freight 
and  commission  make  it  quite  expensive,  being  one  dollar  at  Callao. 

A  Pneumatic  Despatch  Tube. — An  experiment  designed  to 
greatly  facilitate  the  rapidity  of  delivering  telegraphic  messages  is 
now  being  tested  in  the  city  of  London.  The  continually  increasing- 
use  made  of  the  local  telegraph,  and  the  constantly  increasing  dis- 
tance between  the  extremes  of  the  business  quarters,  have  rendered 
some  other  plan  than  that  of  delivery  by  messenger  from  the  main 
of&ce  necessary.  The  messages  as  they  arrive  are  sorted,  and  those 
intended  for  delivery  a  mile  or  more  from  the  office  are  enclosed  in 
a  light  cylinder,  which  is  placed  in  a  tube  leading  to  a  branch  office 
in  the  neiofhborhood  to  which  the  messasres  are  directed.    The  tube 

o  o 

being  properly  closed,  a  strong  current  of  air  is  blown  into  it  be- 
hind the  cylinder,  and  it  is  forced  through  to  the  branch  office. 
Shunts  are  provided  so  that  the  carrier  may  be  sent  in  any  direc- 
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tion,  tho  intcrmofliatc  flaps  being  closed  to  allow  it  to  pass,  A.s  to 
tlio  tiino  in  wliicli  lluj  delivery  can  be  nuulc,  the  M»:clianics'  Mnrja- 
zine,  states  that  a  distance  of  20o8  yards  between  the  ofTiccs  wa« 
travelled  over  in  abont  Ibiir  minutes.  It  is  said,  thus  far,  to  have 
been  perfectly  satisfactory.  A  ])lan  of  this  kind  might  be  sf^x-j  u.sc- 
fully  instituted  to  facilitate  tho  delivery  of  the  mail  of  large  cities. 
IMic  letters,  upon  delivery  at  tho  main  office,  could  be  sorted,  and 
sent  rapidly  to  the  several  receiving  ofTices,  which  might  be  of  sim- 
ple character,  and  judiciously  increased.  IJy  this  means  the  delivery 
of  letters  miglit  perhaps  be  eflected  in  a  fraction  of  the  time  now 
required,  thus  contributing  materially  to  public  convenience  and 
business  interests. 

The  Eflfect  of  Cold  on  Iron  and  Steel.— It  is  .somewhat  sur- 
prising that  a  question  of  sucli  paramount  importance  as  the  one 
heading  this  notice  should  still  remain  without  the  authoritative 
decision  of  that  investigation  of  which  it  is  worthy.  Within  the 
past  few  months  several  papers  have  appeared  treating  more  or  less 
elaborately  of  the  subject,  but  far  from  setting  the  matter  at  rest, 
the  experiments  l^ave  led  their  authors  to  very  contradictory  results. 

The  general  course  of  the  experiments  was  that  of  selecting  suit- 
able pieces  of  cast  and  wrought  iron  and  steel,  and  placing  half  of 
the  number  of  each  variety  in  a  freezing  mixture  while  the  others 
were  kept  at  the  ordinary  temperature.  A  cold  and  warm  piece  of 
each  kind  were  now  alternately  subjected  to  a  transverse  strain  and 
the  amount  of  weight  required  in  each  case  to  break  them  was 
noted.  The  efTects  of  a  sudden  blow  were  likewise  noted  by  allow- 
ing a  weight  to  fall  upon  the  pieces  from  varj'ing  heights.  The 
investigations  of  Sir  "W.  Fairbairn  and  Dr.  Joule  declare  that  tem- 
perature has  little  or  nothing  to  do  with  the  strength  of  the  metal. 
The  breaking  strain,  indeed,  was  found  to  be  slightly  greater  in  the 
cold  than  in  the  warm  specimens.  These  comprised  both  wrought 
and  cast  iron  and  steel.  The  results  of  Mr.  Peter  Spence  obtained 
with  cast  iron  bars  even  indicate  that  reduction  in  temperature  in- 
creases the  strength  of  the  material.  Mr.  W.  Brockbank,  however, 
who  has  expermented  with  cast  iron  bars  declares  for  his  result, 
that  cast  iron  suffers  a  considerable  diminution  in  strength  and 
elasticity  when  the  temperature  is  reduced  below  the  freezing  point, 
a  decision  precisely  opposite  of  that  arrived  at  by  his  fellow-inves- 
tigators, pursuing  the  same  general  method  of  inquiry. 

The  explanation  of  this  incongruity  we  have  little  hesitation  in 
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assigning  to  a  constant  and  neglected  source  of  error  in  the  mode 
of  conducting  the  research,  which  must,  until  proper  weight  has 
been  assigned  to  it,  render  the  announcement  of  any  general  con- 
clusion hazardous  and  unreliable.  This  source  of  error  resides  in 
want,  or  rather  the  entire  absence  of  attention  bestowed  on  the 
chemical  character  of  the  materials  employed.  The  very  important 
influence  exerted  upon  the  quality  of  iron,  and  especially  upon 
those  very  properties,  the  conditions  of  which  are  being  discussed, 
by  the  presence,  in  greater  or  less  proportion,  of  phosphorus  and 
sulphur  is  too  patent  to  be  more  than  mentioned;  and  for  aught  that 
has  been  shown  to  the  contrary,  the  brittleness  and  tenacity  of  each 
variety  as  the  temperature  diminishes  may  be  either  increased  or 
diminished  according  to  its  chemical  composition.  This,  indeed, 
in  view  of  the  evident  care  in  which  the  investigations  mentioned 
were  conducted,  as  might  have  been  anticipated  from  the  character 
of  their  eminent  authors,  seems  to  be  the  most  rational  method  of 
accounting  for  the  contradictory  nature  of  their  conclusions. 

Until,  therefore,  investigations  are  conducted  with  irons  of  differ- 
ent quality,  and  an  accurate  analysis  of  each  shall  accompany  the 
same,  the  question  must  still  be  considered  an  open  one. 

An  ingenious  application  of  the  Spectroscope. — We  learn 
from  the  Quarterly  Journal  of  Science  of  a  most  ingenious  use  of  the 
spectrum  analysis,  which  will  doubtless  suggest  the  usefulness  of 
extending  its  application  to  the  elucidation  of  many  inquiries,  where 
it  has  heretofore  not  been  appealed  to.  The  case  referred  to  is  sub- 
stantially as  follows :  The  water  used  by  the  inhabitants  of  a 
crowded  court,  amongst  whom  several  cases  of  typhoid  fever  had 
appeared,  was  drawn  from  a  rather  shallow  well,  and  was  highly 
charged  with  various  unoxidized  compounds  of  nitrogen.  It  was 
suspected  that,  from  some  defect,  the  contents  of  a  public  urinal  ob- 
tained entrance  to  the  well.  The  fact  that  the  well-water  contained 
seven  times  as  much  common  salt  as  the  normal  water  of  the  vici- 
nity was  some  confirmation  of  the  suspicion.  Prof.  Church  obtained 
absolute  proof  by  the  following  method.  He  introduced  two 
grammes  of  a  lithium  salt  into  the  urinal,  and,  two  hours  later,  was 
enabled  readily  to  detect  with  the  spectroscope  the  presence  of  lith- 
ium in  a  litre  of  the  well-water,  which  by  previous  examination  had 
shown  no  trace  of  this  substance. 

Corrugated  Flames  are  described  by  B.  Villari  in  Pogg.  Ann.^ 
from  an  interesting  experiment.   Approach  a  tuning-fork  vibrating 
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horizontally  to  nn  ordinnry  gnx  flame,  «o  as  alrnoHl  to  loucli,  and  tlio 
voliuno  cf  tone  will  ha  l.irgely  increased,  .showing  that  the  fluinc 
takes  part  in  the  vibration,  although  it  prcsontH  no  marked  change 
in  appearaneo  to  the  unaided  eye.  'i'o  make  the  vibrationn  viMihIc, 
take  a  card  disk,  kept  in  uniform  rotation  hy  wheelwork,  and  pro- 
vided with  10  slits  each,  2  to  3  millimetres  wide  and  7'5  long,  and 
place  this  from  8  to  20  inclies  from  the  gas  llannr.  'I'o  prevent  the 
currents  of  air  produced  by  it  from  di.>^turbing  the  flumo,  a  glasx 
plato  or  large  card  having  a  large  horizontal  slit  is  placed  between 
the  (lame  and  disk.  On  looking  at  the  flame  through  thodesccnding 
horizontal  slit.^,  it  is  immediately  broken  m{)  into  alternate  bright 
and  dark  band.s,  running  liori/ontally  acros.^.  The  position  of  the 
tuning-fork  is  of  no  jiarticular  oonseciuence  as  long  as  it  is  near 
enoujih,  and  even  the  .sounding  case  of  an  actively  vibrating  fork 
may  be  used.  In  thisca.se  the  wavy  flarne  can  often  be  seen  directly, 
without  the  aid  of  the  rotating  disk. 

A  New  Experiment. — In  the  phenomenon  of  the  spheroidal 
.'^tatc,  the  globule  will  float  when  the  vapor  beneath  it  is  able  to 
support  the  pressure  of  the  atmosphere  plus  the  weight  of  the  glo- 
bule. If  we  remove  the  former  factor,  a  much  smaller  vapor- 
tension  will  be  required  to  produce  the  phenomenon,  as  may  be 
proven  by  the  following  experiment,  described  by  E.  Budde,*  in 
which,  with  the  aid  of  the  air-pump,  a  Leidenfrost  globule  is  sup- 
ported upon  a  metal  plate  whose  temperature  is  below  100°  C.  A 
bell-shaped  glass  vessel,  7,  is  firmly  cemented  to  a  copper  plate,  a. 
Through  the  stopper  which  closed 
the  upper  opening,  pass  two  glass 
tubes,  I  and  m.  The  first  attaches 
by  caouchouc  tubing  to  the  air- 
pump.  The  second  reaches  with- 
in the  vessel  nearly  to  the  plate 
a,  while  above,  it  is  closed  and 
bent  into  an  N  form.  The  bent 
portion  is  filled  with  water.  The 
plate  is  now  placed  upon  the 
water-bath,  which  soon  imparts 
to  it  a  temperature  of  from  80° 
to  100°  C.  The  air-pump  is  now 
put  in  operation;  the  water  in  n 
evolves  air  bubbles  and  vapors 
(gentle  heating  will  facilitate  the 
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operation)  which  mainly  accumulate  in  the  upper  end  of  the  tube — 
and  force  a  portion  of  the  water  through  m.  The  water  falls  boil- 
ing, or  very  nearly  so,  upon  the  plate  beneath,  the  temperature  of 
which  is,  under  the  abnormal  conditions,  considerably  above  the 
boiling  point  of  the  water — and  all  the  conditions  necessary  for  the 
production  of  the  spheroidal  state  are  present.  If  the  rarefaction 
is  carried  until  the  barometer  indicates  10""-'  (about  4  inches)  of 
mercury,  and  the  water-bath  is  heated  to  about  90°  C,  the  experi- 
ment will  succeed  without  the  slightest  difficulty,  and  the  spheroids 
obtained  will  evince  an  energetic  movement. 

The  experiment  is  not  a  mere  physical  curiosity,  but  possesses  an 
importance  which  our  educated  readers  will  doubtless  have  already 
appreciated,  inasmuch  as  it  is  decisive  in  confirming  the  theory  of 
the  spheroidal  state.  It  proves  that  the  force  which  sustains  the 
globule  obeys  the  laws  which  govern  the  tension  of  vapors. 

Vanadium. — From  Prof.  Roscoe's  recent  investigations  upon 
Vanadium  and  its  compounds,  which  comprise  about  all  the  litera- 
ture extant  upon  the  subject,  we  are  able  to  condense  the  following 
concerning  the  preparation  of  the  metal  and  its  properties.  It  is 
obtained  by  reducing  one  of  the  chlorides  (free  from  oxygen)  in  a 
stream  of  hydrogen,  either  with  or  without  the  aid  of  sodium.  It 
is  a  matter  of  the  greatest  difficulty  to  obtain  the  metal  entirely  free 
from  oxygen,  since  at  red  heat  it  absorbs  this  element  with  the 
greatest  energy.  The  entrance  of  everj^  trace  of  air  or  moisture 
during  the  reduction  must  therefore  be  most  carefully  avoided  ;  but 
owing  to  the  length  of  time  required  for  an  operation  (40  to  80 
hours,  according  to  the  quantity  of  chloride),  and  the  trouble  of 
freeing  the  chloride  entirely  from  water  and  oxygen,  the  attempt  to 
obtain  the  pure  metal  is  attended  with  unusual  difficulties.  A  pla- 
tinum boat  is  placed  within  a  tube  of  porcelain,  and  the  reduction 
effected  in  this.  A  greyish-white  powder  with  silvery  lustre  is  the 
result.  It  is  unchangeable  in  air  or  in  water,  even  when  heated  to 
100°  C.  It  may  be  heated  in  hydrogen  to  redness  without  fusing 
or  volatilizing;  when  the  powder  is  thrown  into  a  flame  it  burns 
with  the  production  of  brilliant  sparks ;  when  rapidly  heated  in 
oxygen  it  burns  to  vanadic  acid,  and  heated  slowly  in  the  air,  it 
begins  to  glow,  afid  a  sub-oxide  is  formed,  which  passes  by  a  suc- 
cession of  steps  into  the  acid.  It  is  insoluble  in  hydrochloric  acid, 
but  is  readily  dissolved  in  sulphuric  acid.  Nitric  acid  attacks  it 
vigorously.     Its  specific  gravity  is  5'5. 


Itnm  <in<L  NoveAtiea.  iUO 

Anomalous  Spectra.— K'lndt  has  found  that,  Ix- 

lino  iiuiiilioiicil  ill  iho  \:isi  uninuar  ol'  iW\n  JouriKtl,  a\n\' J  i  

which  ill  a  solid  Ktatosliow  distinct  superficial  colors,  diftercrit  from, 
and  <.^onorally  coniplomentnry  to,  those  Ity  tranHinittcd  lij^ht.  give 

in  concont rated  solntioii  anomalous  spectra.     Ai:  ' ' iro  all 

Kinds  oC  aniline  blue,  all  of  aniline  vioh't  that  linv  .ine<l, 

aniline  green  (llofnianV  j,'reon),  indigo  disHolvcd  in  lurning  snlpliu- 
rie  acid,  indigeannine,  carthaminc,  Tnnrexi<le  dissolved  i; 
<'yunine,  i)orman;^anate  of  jx^tasli  and  carmine.  In  all  t 
light  is  more  refracted  than  blue,  and  in  those  wliich  are  mainly 
green  by  reflected  light,  if  enough  of  this  color  is  transmitted  to 
appear  at  all  in  the  spectrum,  green  is  always  least  refracted.  Cyan- 
ine,  aniline  blue,  aniline  violet  and  indig-carmine  give  tlic  colors 
in  the  order,  green,  blue,  red;  cyanine  is  the  best  for  these  pur- 
poses and  under  favorable  conditions  gives  the  spectrum,  green, 
light  blue,  dark  blue,  a  dark  space,  redaiid  an  indication  of  orange. 
To  obtain  these  results  very  concentrated  solutions  are  required; 
for  dilute  solutions  give  only  the  ordinary  spectra.  To  make  the 
prism  put  a  drop  of  the  solution  upon  a  piece  of  rnirror-glass  and 
press  against  it  a  similar  piece  with  a  sharp  edge,  at  an  angle  of 
about  25°.  It  is  only  immediately  at  the  angle  that  any  light  can 
be  niade  to  pass  through  these  highly  colored  solutions. 

Galvanic  Engines. — We  noticed  in  a  late  number  of  the  die- 
mical  Neics  a  quotation  from  one  of  our  American  journals,  in 
which  Mr.  Highton's  curious  misconceptions  and  unsound  deduc- 
tions are  connected  with  the  reported  miraculous  performances  of  a 
jralvanic  ensjine  at  Newark,  X.  J.  We  see  that  at  last  Mr.  High- 
ton's  errors  arc  being  noted  and  pointed  out  in  the  pages  of  the 
CJiemkal  Neics,  and  we  feel  well  assured  that  the  time  is  not  far 
distant  when  the  perpetual-motion  machine  at  Xewark  will  reveal 
the  true  oriiiin  of  its  force,  but  in  the  mean  time  it  may  not  be  un- 
interesting to  notice  a  fact  or  two  which  has  a  bearing  upon  the 
latter. 

On  page  410  of  our  last  volume  will  be  found  a  conclusion 
reached  by  Prof.  Mayer  after  careful  experiment,  that  "  in  a  com- 
bination of  spirals  or  in  a  helix  the  inductive  action  of  the  wire  on 
itself,  or  of  adjoining  spirals  or  turns  upon  each  other,  has  no  effect 
upon  their  power  of  magnetization." 

This  evidentl3^  bears  directly  upon  the  claim  that,  by  introducing 
a  sheet  of  tinfoil  between  the  successive  layers  of  insulated  wirej 
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wound  on  an  electro-magnet,  the  power  of  the  same  was  largely  in- 
creased. It  might,  however,  be  objected  that  in  the  experiments 
of  Prof.  Mayer,  copper  disks  were  introduced  between  successive 
spirals,  and  not  cylinders  of  conducting  material  between  successive 
layers. 

We  have  therefore  made  the  experimjcnt  in  this  form,  using  the 
form,  of  apparatus  described  by  Prof.  M.  for  comparison  of  strength 
in  the  magnetized  cores,  and  found  that  when  tinfoil  was  intro- 
duced exactly  in  the  manner  described  by  those  claiming  advantage 
from  its  use,  no  improvement  whatever  could  be  observed.     H.  M. 

The  Vertical  Lantern. — At  a  late  meeting  of  the  Franklin  In- 
stitute, Prof.  Morton  exhibited  a  new  instrument  which  he  had 
lately  devised,  and  which,  by  the  beauty  and  singularity  of  the  ef 
fects  it  developed,  elicited  many  expressions  of  approbation.  The 
object  aimed  at  was  to  produce  on  a  vertical  screen  enlarged  and 
brilliant  images  of  objects  which  require  to  be  maintained  in  a  per- 
fectly horizontal  position,  such,  for  example,  as  waves  in  a  tank  of 
water,  cohesion,  figures  of  oils,  and  other  liquids,  magnetic  spectra 
and  the  like. 

In  a  few  introductory  remarks  the  Professor  observed  that  many 
efforts,  attended  with  more  or  less  success,  had  been  made  before 
with  the  same  objects  in  view ;  thus  Faraday  and  Tyndall  had 
turned  an  electric  lantern  over  on  its  back,  so  making  the  condensers 
horizontal,  and  the  object  being  placed  upon  them,  its  image  was 
either  projected  on  the  ceiling  or  reflected  to  the  wall.  The  incon- 
venience of  this  plan  was,  however,  very  great,  as  would  readily  be 
perceived. 

His  attention  was  first  drawn  by  Prof.  Cooke,  of  Cambridge,  to 
another  plan  which  that  gentleman  had  employed  for  several  years. 
In  this  case  the  lantern  stood  in  its  usual  position,  and  a  mirror 
placed  in  front  at  an  angle  of  45°  reflected  the  light  upwards  through 
the  horizontal  object  and  object-glass,  beyond  which  a  mirror,  sil- 
vered on  the  outside  by  Focault's  plan,  reflected  it  to  the  screen. 

The  difficulty  here,  however,  was  that  the  object  being  removed 
to  a  considerable  distance  in  front  of  the  condensers,  a  very  much 
discolored  and  unsatisfactory  field  of  light  was  obtained  on  the 
screen.  So  that  the  many  beautiful  experiments  with  waves,  &;c., 
which  the  Professor  had  developed,  lost  somewhat  of  their  effect. 
To  meet  this  difficulty  the  speaker  had  therefore  constructed  the 
instrument  as  follows : 


Items  and  Novelties. 


',iOl 


Tlio  lantern  condonsor  in  llic  l\rni  pliuic  wiix  ma<l<;  of  tlirce  humm, 
the  lirtit  two  of  siir.li  curve  as  to  giv<',  wiili  lln;  li^^lit  at  about  two 
inches  \'ro\n  the  noaror  onu,  a  practically  parallel  lnjurn,  which  wan 
roccivcil  upon  a  mirror,  ah,  at  15'",  an<l  after  reflection  from  it  f«;ll 
uj)on  the  tliinl  lens  placed  horizontally  at  c,  which  concentrated  it 
oil  the  objective  at  K,  from  which  it  j)as.sed  to  the  mirror  ro,  whicii 
ill  turn  threw  it  on  the  screen.  This  rnirror,  moreover,  was  not 
silvered  on  the  exterior  surface  but  in  the  uaual  way  on  the  back, 
though  with  pure   silver,  and  yet   no  want  of  definition  was  to   be 


perceived  in  the" image,  owing  no  doubt  to  the  fact  that  the  faint 
reflection  from  the  first  surface  was  inappreciable  in  comparison 
with  that  from  the  metallic  silver.  In  several  articles  published  in 
the  Chemical Xeics  and  elsewhere,  a  square  prism  had  been  described 
as  being  used  for  the  purpose,  but  a  little  thought,  or  still  better,  a 
moment's  experiment  would  show  that  this  means  would  not  an- 
swer, because  about  one-third  of  the  cone  of  rays  entering  the  prism 
would  be  at  too  great  an  angle  for  total  reflection,  and  would  thus 
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leave' one-tliird  of  tlie  field  dark.  The  instrument  had  been  con- 
structed by  Messrs.  Hawkins  and  Wale,  to  whose  judgment  and 
workmanship  it  did  great  credit.  The  apparatus  was  then  put  in 
operation,  being  illuminated  with  the  lime  light,  and  there  was 
first  shown  a  magnetic  spectrum.  Iron  filings  being  evenly  scat- 
tered over  a  plate  of  glass,  a  small  steel  magnet  was  placed  beneath, 
and  the  glass  lightly  tapped  with  a  pencil  point,  when  the  filings  ar- 
ranged themselves  in  the  graceful  inflections  of  the  magnetic  curves. 
A  tank  of  water  was  then  introduced,  and  b}'-  means  of  an  ingenious 
contrivance  devised  by  Messrs.  Hawkins  and  Wale,  series  of  waves 
were  developed,  and  their  reflections  from  the  sides  of  the  tank,  in- 
terferences and  other  phenomena  were  beautifully  exhibited.  The 
apparatus  for  producing  the  waves  consisted  of  a  m.etallic  box  with 
a  sheet  rubber  cover,  provided  with  a  long  thin  metal  tube;  this 
was  so  placed  that  the  tube  was  about  one-quarter  of  an  inch  above 
the  point  in  the  tank  which  it  was  desired  to  make  the  centre  of  the 
wave  motion.  On  tapping  the  rubber  diaphragm  a  momeutarj^  pufi" 
of  air  was  driven  from  the  tube,  producing  exactly  the  disturbance 
needed.  An  elliptical  ring  being  placed  in  the  tank,  the  properties 
of  the  curve  with  regard  to  reflections  were  very  neatly  exhibited, 
and,  in  fact,  independent  of  their  scientific  interest,  nothing  could 
be  more  charming  than  the  pearl  gray  waves  crossing  and  inter- 
locking and  combining  in  complex  patterns,  which  ran  across  the 
screen. 

Cohesion  figures  produced  by  letting  fall  drops  of  ether,  alcohol, 
carbolic  acid,  oils  of  cinnamon,  coriander,  cloves,  etc.,  on  the  sur- 
face of  water  were  then  exhibited,  and  attention  was  directed  to 
many  other  experiments,  such  as  the  electric  decomposition  of  me- 
tallic solutions,  sound  figures  and  the  like,  for  the  exhibition  of 
which  this  instrument  was  especially  adapted. 

Discovery  of  a  Bone  Cave. — In  the  limestone  quarries  of 
Port  Kennedy,  Pennsylvania,  the  workmen  exposed  what  was  once 
a  cavern,  at  the  junction  of  this  rock  with  the  new  red  sandstone. 
An  examination  of  the  same  by  Mr.  C.  M.  Whately  has  resulted  in 
securing  the  remains  of  no  less  than  47  species  of  post-tertiary  ani- 
mals, plants  and  insects.  Amongst  the  first  were  found  represen- 
tatives'of  many  of  the  gigantic  form-s  of  that  time,  including  the 
mastodon,  tapir,  the  large  sloths,  megalonyx  and  mylodou,  a  species 
of  horse  and  several  bears.  Many  of  the  bones  and  teeth  were  well 
preserved.  The  discovery  is  an  unusually  interesting  one  to  the 
palasontologist  as  aftbrding  the  first  instance  in  our  state  of  a  bone 
cavern  containing  such  extensive  relics  of  the  larger  extinct' quad- 
rupeds. Mr.  Whately  has  communicated  to  SiUimaii's  Journal 
(April,  1871)  a  detailed  account  of  his  interesting  discovery  to 
which  we  refer  those  of  our  readers  who  desire  further  information 
on  the  subject. 
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SUEZ  CANAL. 

TlIK  lollowiii;^  coiiuiuiuioalioii  IVt^iu  VujI'.  J.  J'.,  Nours*;,  which 
arrived  to  hitc  lor  iiicorporatit)!!  with  his  iiilcrcslin^^  paper  in  our 
hust  mimber  on  tho  Suez  Canal,  will  be  found  to  contain  thcfullcMt 
confirnKition  of  his  assertions  concerning  the  iniinensely  growing 
iiuportaiico  oCtrafTic  through  it,  while  it  earnestly  calls  attention  to 
the  condition  and  possibilities  of  American  enterprise  in  this  direc- 
tion.— Eds. 

Dr.  W.  II.  W.viiL: 

Dear  Sir — Since  sending  the  ariicic  on  liie  Canal,  1  have  been 
favored  with  the  sight  of  an  important  and  recent  despatch  from  tho 
U.  S.  Consul  at  Port  Said,  which  I  subjoin  in  the  form  of  an  almost 
literal  cojn'.  Yours,  etc.,  J.  K.  XoL'HSE. 

Consulate  of  United  States,  Pout  Said, 

January  1-i.  187 1. 
Hon.  W.  Hunter,  2d  As6i  ^Scc>/  State: 

Sir — lu  my  enclosure  in  a  ibrmer  dispatch,  I  had  the  hoiior  to 
invite  attention  to  the  large  increase  of  traffic  through  the  Suez 
Canal — no  fewer  than  seventij-tico  steamers  having  passed  from  sea 
to  sea  in  the  mouth  of  December,  1870,  against  nine  only  during  the 
same  month  in  1869. 

Of  the  72  steamers,  there  were  the  following  flags,  viz : 

Biilish :'9,   KcLjistercd  Tonnge o2-81S 

Turkish  VI,  -  ••  l-./.H 

Australian 7,  •'  •  <J141 

Egyptian G,  •'  "  Z''yj) 

French U,  "  •'        7  870 

Italian 1,  "  "  5oS 

Dutch , 1,  ••  "  lou 

These  ships  are  employed  in  the  trade  between  the  British, 
French,  Italian  and  Dutch  ports,  with  the  coasts  of  Arabia  and 
Persia,  and  with  China,  Japan  and  the  Islands  of  the  Pacific.  There 
•were  4  monitors  from  England,  2  for  Bombay  and  two  for  Australia, 
to  be  stationed  there. 

.    As  the  result  of  my  observations  on  the  new  resources  deyeloped 
by  the  opening  of  the  Canal  and  the  establishment  of  this  port,  I 
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beg  leave  to  state  that  I  find  great  encouragement  for  our  American 
ship  owners  to  establisli  a  line  of  ships  between  our  ports  and  India 
and  China  via  the  Canal.  Port  Said  is  now  one  of  the  most  safe 
and  accessible  harbors  in  the  Levant,  with  a  perfectly  straight  en- 
trance from  the  sea  and  twenty-eiglit  feet  of  water  in  the  channel. 

Apart  from  the  countries  east  of  the  Cape  of  Good  Hope,  a  large 
amount  of  freight  might  be  obtained  for  the  United  States,  com- 
posed of  gum  and  coffee  from  the  Arabian  coast,  wool  from  the 
coast  of  Syria  and  the  Euphrates,  fruit  from  Smyrna,  and  tallow 
and  lead  from  Odessa  ;  with  all  of  which  places  Port  Said  is  in  con- 
stant communication  by  steam  ;  not  to  mention  the  miscellaneous 
contributions  that  might  be  brought  by  the  regular  line  of  steamers 
from  Trieste,  Greece  and  Constantinople. 

If  something  is  not  soon  done  by  our  merchants,  it  is  certain  that 
the  whole  trade  between  the  United  States  and  the  Levant,  as  well 
as  of  India  and  China,  will  pass  under  the  British  flag  and  be  con- 
ducted through  British  ports  by  British  merchants. 

As  a  striking  instance  of  the  effect  of  the  neglect  of  Congress  to 
take  some  steps  for  the  protection,  or  ratherrevival  of  our  shipping- 
interest,  a  few  months  since  a  large  steamer,  built  in  Glasgow  upon 
the  plan  of  our  river  steamers,  passed  through  the  Canal,  bound  for 
China,  where  she  is  to  be  employed  in  the  river  trade.  During 
some  years  past  many  of  the  steamers  of  this  class  have  been  or- 
dered from  Americaj  but  this  is  the  first  one  built  abroad  for  foreign 
order ;  and-  we  are  in  imminent  danger  of  losing  the  advantage 
which  has  hitherto  been  a  ([uasi  monopoly  of  our  merchants,  de- 
rived from  the  construction  of  a  class  of  vessels  in  every  respect  so 
peculiarly  American, 

(Signed)  C.  E.  Page,  U.  S.  Consul 

Cornish  Engines. — Errata. — The  following  errors  have  inad- 
vertently crept  into  the  several  papers  on  the  above  subject,  by  I^Fr. 
West.  Our  readers  may  correct  the  same  by  the  references  given 
below. 

Last  paragraph,  page  24,  January,  1870,  instead  of  "imperfectly 
constructed  experiments,  read  imperfectly  conducted  experiments." 

First  full  paragraph,  page  176,  March,  1871,  instead  of  "  the 
friction  is  increased  inversely^  read  "  the  friction  is  increased  im- 
mensely.^'' 

Last  paragraph,  page  179,  March,  1871,  instead  of  "  the  Fowey 
Consols  engine  Eowan's,"  read  *'  The  Fowey  Consols  engine  and 
Rowan's." 
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AN  EXAMINATION  OF  SOME  EXPERIMENTAl.  FACTS  BEARING  UPON 

THE  PROPER  RATIO  OF  THE  LENGTH  AND  BREADTH 

OF  STEAMSHIPS. 

I5v  Ai.liAN  ('.  SiiMKiis,  Niiviil  KnjjiruxT. 
(Contiiiucil  frijtn  pnijo  20G.) 

To  SOLVK  this,  Icl  us  su|)iH)se  five  sliips  built  of  iron  of  the  most 
appnwod  construction,  liiivin,^  the  proportions  and  co-cfTicient.s  ot 
performance  of  the  five  classes  just  examined  ;  let  each  have  a 
carj^o  carrying  capacity  of  3,000  tons,  and  a  speed  which  will 
achieve  the  distance  of  3,000  miles  in  10  days;  and  let  them  be 
of  equal  stability  and  strength. 

It  will  first  bo  necessary  to  determine  the  proportionate  weights 
of  hull  lor  equal  displacement,  when  the  proportions  of  the  different 
classes  are  employed.  The  best 
ships  are  now  built  on  the  theor}' 
that  they  are  great  hollow  beams, 
having  at  least  one  deck  of  iron 
to  form  the  uj)2:>f.r  jhnicli,  while 
the  bottom  corresponds  with  the 
lower  jlanch  and  the  sides  the 
icel.  For  convenience  of  comparison,  let  us  suppose  the  vessels  to 
have  the  simple  form  of  a  double  wedge  as  in  the  annexed  figure. 

The  proportionate  lengths  and  breadths  being  already  fixed  upon, 
it  is  necessary  to  make  the  depth  in  each  case  such  tliat  the  vessels 
will  have  equal  stability. 

Let  L  X  B  X  D  =  c,  .         .         .         .         (1.) 

.  L  X  B^ 
^7-=^' l2.) 


and  -  =  h, 
D 


(3.) 


The  contents  of  the  vessel  represented  by  c  (formula  1)  is  a  uni- 
form quantity  in  all  the  classes  by  the  postulate,  and  where  c  is 
maintained  uniform,  6-  (formula  2)  and  h  (formula  3)  will  be  uniform 
quantities  with  vessels  having  equal  stability. 

YoL  LXI.— Thikp  Series.— ^'^o.  5.— Mat,  1871.  39 
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Mr.  Scott  Eussell  in  his  great  work  on  The  Modern  System  of 
Naval  Architeciure  describes  an  iron  steamer,  the  Annette  (pp.  375 
and  618)  which  he  commends  as  an  example  illustrating  the  advan- 
tages of  the  longitudinal  system, 

,  In  this  vessel  it  appears  that  the  iron  devoted  to  the  longitudinal 
strength  of  the  hull  was  184  per  centum  of  the  displacement,  and 
that  devoted  to  transverse  strengthening  3  per  centum. 

The  proportions  were  such  that — 

If  B  =  1, 
then  L  =  6*33, 
and  D  =  '6. 

Employing  these  proportions  and  the  corresponding  weight  of 
hull  as  an  example,  we  easily  arrive  at  the  weights  of  hulls  having 
equality  of  strength  and  built  upon  the  proportions  under  exami- 
tiation. 

Let  the  above  numbers  stand  for  dimensions  ;  the  length  of  a  ves- 
sel having  equal  capacity  but  a  different  ratio  of  length  to  breadth 
will  be  found  by  the  following  formula— 


L==^6'3Su\         .       ..        .        .         .        (4.) 

The  extent  of  the  skin,  and  all  the  other  longitudinal  strengthen- 
ing will,  of  course,  vary  directly  with  the  surface ;  and  its  thicJcness 
to  maintain  equality  of  strength,  directly  with  the  ratio  of  the  length 
and  depth. 

Continuing  to  employ  the  foregoing  numbers  for  dimensions,  we 
jQnd  the  content  of  the  figure  to  be  1"9,  and  its  surface  14-0277. 
The  following  table  exhibits  clearly  the  comparative  surfaces  and 
weights  of  the  various  classes,  and  the  resulting  per  centum  of  dis- 
placement required  by  each  class  for  longitudinal  strength. 


Class. 


Example 
A. 
B 
C 
D 
E 


b. 

c. 

d. 

e. 

Ratios 

of 

L. 

B. 

D. 

L  to  B. 

6-333 

G-338 

1-OCO 

0-600 

3-37 

4-159 

1-284 

0-740 

4-03 

4-678 

1-164 

0-698 

5  00 

5.410 

1-082 

0-649 

5-84 

6.000 

1-027 

0'617 

6-86 

6-680 

-974 

0-584 

Surface. 


14-0277 
11-5550 
12-1746 


1-00000 
0-82373 
0-86790 


12-9948,0-92637 
13-6737  0-97476 
14-39081-02588 


1-00000 
0-53240 
0-63470 
0-78947 
0-92210 
1-08470 


5  K  o 


1-OOOCO 
0-43860 
0-55085 
0-73134 
0-89883 
1-11277 


O    0)  ^ 


18-40 
8-05 
10-14 
13-46 
16-54 
20-47 


li(iLii)  of  tin:  Lcii'jtii  and  Brcudtk  of  Sleamahipa.  .'iOT 

111  I  ho  uhovc  t:il)l(!  llic  (|uantitics  in  columns  r,  d  and  e  an:  .^'i- u 
tlijit,  wliilo  llicy  iii.-iiiitaiii  (m|ii;iI  capacity  willi  the  cixariiph*,  ca<.'li 
prosorves  its  own  pcciihir  ratio  of  h-ii}.4h  to  l>rca«ith.  Tlio  quunti- 
tics  in  column  f  j^ivc  tho  corrcspondin;.^  extent  of  Hurface  of  the 
figure  shuwn  in  the  cut;  those  in  column  L  arc  obtaincl  by  multi- 
plying corresponding  (quantities  in  columns  y  and  A,  column  k  re- 
presenting the  com[)arative  thickness  of  the  longitudinal  iron  ne- 
cessary to  maintain  ci(inility  of  strength  in  hollow  beams  having  the 
proportions  given  in  the  table. 

Tlic  (ntnscerse  sllffening  would  be  j)i'actically  uniform  for  the  dif- 
ferent classes,  and  is,  as  we  have  seen,  3  per  centum  of  the  displace- 
ment in  the  example. 

The  equipments^  which,  in  this  case,  would  include  all  wooden 
decks,  all  joiner  work,  masts,  rigging,  sails,  boats,  anchors,  «Scc.,  «kc., 
may  be  taken  uniformly  at  15  per  centum  of  the  displacement. 

The  total  weights  of  vessel,  exclusive  of  machinery,  coals  and 
cargo  would  therefore  be  as  follows  : 

Class  A 20  Oo  per  centum  of  the  displacement. 

"      B 28  14    "  "  " 

"      C  31-4(j    "  "  " 

"      D 34.54    "  "  " 

«'      E 08-47    '•  "  "  " 

\Yith  the  foregoing,  in  connection  with  the  co-efficients  of  per- 
formance achieved  by  each  class,  we  may  arrive  at  the  actual  dis- 
placements, powers  and  weights  of  steam  machinery  and  weights 
of  coals  necessary  in  each  case  to  carry  3,000  tons  of  cargo  a  dis- 
tance of  3,000  miles  in  10  daj^s.  "Whence  the  first  cost  of  the  ships 
and  machinery  may  be  estimated. 

This  is  shown  in  the  following  table,  where  the  horses-power  of 
the  machinery  is  determined  by  the  co-efficient  of  performance  be- 
longing to  each  case.  The  weight  of  the  machinery  is  taken  at  one 
ton  for  everj^  10  horses  power,  and  the  coals  at  one  ton  per  day  for 
every  30  horses  power.  The  displacements  given  supposes  half  the 
coals  burned  out.  The  cost  of  the  hull  and  equipments  is  taken  at 
$250  per  ton  weight.  That  of  the  steam  machinery  at  SiO  per  in- 
dicated horse-power.  These  latter  quantities  are,  of  course,  variable 
with  time  and  locality  as  well  as  with  the  character  of  the  detail 
design,  but  they  are  sufficiently  near  the  average  for  purposes  of 
correct  comparison. 
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Class. 

li 

o 

5-1 

c2 

6 

5^- 

% 

a 

9a 

O        m 

OS      , 

&  h 

a 

e=2 

"So-o  P 

c  d 

m 

•a  a 

"^ 

<5^ 

"3  o 
tj  to 

1^1 

^ 

^g 

O 

1^^ 

EH 

Tons. 

Tona. 

Tons. 

Tons. 

Tons. 

$ 

s 

$ 

A 

134-9 

3,000 

1,490 

4B3 

1,544 

5,725 

4,633 

372,500 

185,320 

557,820 

B 

155-1 

3,000 

1,592 

400 

1,332 

5,658 

3,998 

398,000 

159,920 

557,920 

c 

175-7 

3,000 

1,815 

358 

1,192 

5,769 

3,576 

453,750 

143,040 

596,790 

D 

177-8 

3,000 

2,097 

366 

1,218 

6,072 

3,655 

524,250 

146,200 

670,450 

E 

198-9 

3,000 

2,430 

336 

1,120 

6,331 

3,360 

607,500 

134,400 

741,900 

The  annual  expense  of  the  capital  invested  in  ships  is  as  follows  : 

Wear  and  tear 10  per  cent. 

Depreciation 5        " 

Insurance 10         " 

Interest ">         " 

Total 32 

The  current  running  expenses  will  be  equal  for  the  different 
classes  under  consideration,  with  the  exception  of  the  coals,  the 
variation  in  which  is  shown  in  the  above  table.  In  the  following 
table  it  is  assumed  that  each  vessel  will  make  eight  round  trips  per 
annum,  and  that  the  cost  of  the  coal  in  the  bunkers  is  $6  per  ton. 
Adding  these  two  variable  quantities  together,  we  have  the  com- 
parative annual  expense  of  running  steamers  of  equal  gross  earn- 
earning  capacity. 


Class. 

A. 

B. 

C. 

D. 

E. 

Annual  expense  of  capital....  .... 

178,502 
148,224 

$ 
178,534 
127,872 

$ 
190,973 
114,432 

% 
214,544 
116,928 

237,408 
107,520 

Total  of  the  varialble  expenses... 

826,726 

806,406 

305,405 

331,472 

344,928 

To  complete  the  illustration,  let  us  suppose  that  the  gross  earn- 
ings are  ^360,000  per  annum  in  excess  of  the  uniform  annual  ex- 
penses which  have  not  been  taken  into  account  in  the  foregoing. 
The  wef  earnings  will  then  be  as  follows  : 


Ratio  of  tke  Length  and  Jircndlh  of  Sleamahipa.  309' 

CluKs  A $'So,'J7  i 

'•     11 .v;,V'i 

"     (' r,i,'/.-r, 

"      I) 28,62« 

•     i<: \r,,()Ti 

And  tlic  per  ccntti  which  thcso  suiiis  hour  t<j  th<;  fiTHt  co.sl  ol 
the  shijKS  in  the  respective  cIushcs  air  a^  fdllow^ : 

(Mass  A oW 

•»      B i*'il 

'•      C y  10 

"      I) 4-2t; 

"     K iio;j 

From  this  it  appears  that,  with  tlic  average  performance  of  tlic 
entire  British  screw-steam  navy,  previous  to  1865,  for  a  stand- 
ard, the  proportion  of  four  lengths  to  one  breadth  will  earn  better 
dividends  upon  the  capital  invested  than  any  higher  ratio.  The 
excess  over  that  of  5  to  1  is  0*46  per  cent.,  in  other  words  they 
may  be  said  to  be  e(|ual.  The  excess  over  5'84  or  say  6  to  1  is 
5'35  per  cent,  and  over  that  of  6'86  or  say  7  to  1,  it  is  7"58  per 
centum. 

As  it  may  be  lairly  assumed  that  the  vessels  exhibiting  the  poor- 
est performance  have  an  inferior  application  of  steam  power,  or  are 
of  inferior  model,  independent  of  the  proportion  of  length  to  breadth, 
I  have  obtained  the  means  of  half  the  vessels  in  each  class  which 
exhibit  the  best  performance.  Those  marked  with  an  asterisk  in 
list  are  the  ones  chosen.  The  results  are  given  in  the  following 
table. 


Class 

Xnmber  of 

Batios  of 

Speed  in  Knots 

3        53 
V    V  D 

Vessels. 

Length  to  Breadth. 

per  hour. 

H.P. 

A              i 

6 

'         3-38  to  1 

10-340 

159-2 

B             \ 

32 

1         4-15  to  1 

10-671 

181-1 

C 

30 

4-71  to  1 

10016 

197-9 

D 

-    34 

5-71  to  1 

10170 

198-1 

E 

13 

6-98  to  1 

11-217 

252-4 

(To  be  continued.) 
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WOOD-WORKING  MACHINERY. 

A  treatise  on   its  construction   and  application,  with  a  history  of  its  origin   and 
progress.     By  J.  Eichards,  M.  E. 

(Continued  from  page  237.) 

There  is  no  subject  more  interesting  to  the  engineer  than  the 
early  history  of  machines  and  structures  with  which  he  comes  in 
contact.  To  trace  the  gradual  developement  of  art,  appreciating 
the  anxiety,  risk,  and  labor  that  has  been  expended  upon  it,  pos- 
sesses a  fascination  that  might  almost  be  defined  as  morbid  curi- 
osity. A  judgment,  however,  which  may  be  very  harsh,  when 
we  consider  the  time  and  money  that  is  expended  in  the  search 
after  antiquities  without  the  hope  of  a  result  that  will  contribute 
anything  to  the  general  good. 

Contrasted  with  searches  after  the  remains  of  the  "  mound  build- 
ers," or  the  "  north-west  passage,"  we  assume  that  the  early  history 
and  facts  connected  with  the  mechanic  arts  forms  a  much  more 
useful,  and,  to  the  mechanic  at  least,  a  more  interesting  field.  The 
want  of  connection  between  operative  mechanics  and  literature  has, 
however,  left  but  a  meagre  history  of  the  useful  arts  compared  to 
what  we  know  of  war,  political  contention  and  human  passions 
generally. 

We  should  venerate  our  patent  system  and  cherish  it,  if  for  no- 
thing else,  then  for  what  it  hands  down  in  the  way  of  history  of  me- 
chanic arts.  Without  these  records  wc  would  be  barren  indeed  as 
to  the  origin  and  progress  of  what  is  most  vital  and  important  to 
ci-vilization,  and  it  is  with  astonishment  that  we  see  a  member  of 
the  British  Parliament  attack  the  patent  system  as  useless  and  mis- 
chievious.  We  hope,  as  the  greatest  good  that  the  honorable  member 
may  ever  accomplish,  that  he  will  be  able  in  his  life  to  confer  on 
his  constituents  a  tithe  of  the  good  that  has  arisen  from  the  laws  he 
so  violently  assails.  In  the  United  States  it  is  to  be  regretted 
that  we  are  practicably  cut-off  from  such  records  as  exist  of  machines 
for  working  wood  and  iron.  We  have  the  British  patents  to  be  sure 
in  our  own  language  and  on  public  file  in  various  parts  of  the 
country,  and  no  doubt  they  contain  the  most  that  is  important  or 
interesting  in  reference  to  the  early  history  of  machines.  Yet,  it 
is  to  be  inferred  that  in  wood-cutting  machines  and  engineering 
tools,  the  continent  can  claim  the  greatest  antiquity.     Germany, 


\\'i}')U-  Working  Afnc/tinei  >j. 


:;ii 


J''ruiu;o  aiitl  .S|i;iiii  havo  oatrli  conlriltiitod  no  <loiil»l  l\u:\r  hliai*',  aii'l 
ill  advaiico  of  iIk;  i*)ii;^li.Hli,  but  llicy  lacked  both  th<!  pulilic  Mpirit 
and  that  i»ociiliarity  whicdi  has  bccjii  called  abntruction  in  tho  Arijjio- 
Saxon  people;  a  tcnih-ney  to  abstract  utility,  and  d«.'<luce  profit  and 
advanta;j;(?  I'rtjni  what  would  l)e  view<!d  only  as  curii^us  or  beauli- 
I'lil  hy  others. 

The  band  saw  was  alluded  lo  in  a  Cornier  article  of"  tliin  HcricH  a« 
an  invention  whose  history  sccnicd  wra[)ped  in  obscurity.  Wc 
now  (althou^^h  somewhat  out  of  j)lace)  desire  to  qualify  tliat  .«tato- 
inent  and  give  the  result  of  a  more  diligent  search,  which  has  been 
rewarded  with  the  discovery  of  what  must  for  the  present  be  ac- 
cejitod  as  tho  first  practical  band-sawing  machine,  an  in.strument 
that  contained  about  all  tlic  parts  and  was  capable  of  all  the  func- 
tions found  in  the  modei'n  machine. 


Mr.  William  Xewburj,  of  St.  John  Street,  County  of  Middlesex, 
London,  England,  in  1808,  invented  a  band-sawing  machine,  of 
which  an  illustration  is  here  produced.  The  drawing  looks  anti- 
quated as  to  the  plans  of  construction,  but  when  we  consider  the 
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time  and  surrounding  conditions  of  the  art  it  is  a  surprisingly  per- 
fect machine.  Letters  patent  from  the  crown  were  granted  to  Wil- 
liam Newbury,  Gentleman,  for  an  invention  of  certain  machinery 
for  the  purpose  of  sawing  wood,  splitting  or  paring  skins  and  vari- 
ous other  useful  purposes,  dated  Jan.  30th,  1808. 

"We  have  in  this  machine  the  pivotal  table  with  the  axis  of  mo- 
tion when  the  blade  intersects  the  plane  of  the  top,  there  is  also 
shown  feeding  rollers  at  Fig.  2,  similar  to  those  afterwards  patented 
to  Woodworth  for  planing  machines.  There  is  also  a  graduated 
radius  attachment  shown  at  Fig.  3  for  sawing  true  sweeps,  in  fact, 
aside  from  the  trouble  of  placing  and  removing  the  saw  the  machine 
is  quite  as  good  as  some  machines  that  have  appeared  in  the  last 
five  years. 


This  machine  is  alluded  to  in  "  Holtzapffel's  Mechanical  Manipu- 
lation "  as  a  very  curious  one,  Avhich  is  a  sufficient  warrant  as  to  its 
non-use  at  that  time  (1846). 

As  the  subject  of  band  saws  has  been  to  this  extent  resumed,  we 
avail  ourselves  of  the  opportunity  of  presenting  arr  illustration  of 
an  improved  band  saw  from  the  designs  of  Eichards,  Kelly  k  Co.,  of 
this  city.  Figs.  5  &  6.  The  general  style  of  framing  and  guides  is  the 
same  as  their  machines  illustrated  in  former  articles.  The  frame  is, 
however,  of  rectangular  curved  section,  without  ribs  and  perfectly 
plain  on  its  exterior.  The  main  new  feature,  aside  from  the  minor 
changes  in  mechanism,  is  the  wheels,  which  are  of  wrought  iron  cov- 
ered with  wood,  and  then  with  a  layer  of  heavy  harness  leather. 
This  form  of  wheel  combines  great  strength  with  elasticity  and  a 
neat  appearance.    The  elasticity  in  the  w'heel  acts  directly  upon  the 


Wooil-  Wnrkitl'i  .\f<irlunr-nj. 
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l)la«lo  williout  llic  iiitfTVontioii  of  oilier  iiiccliaiiisni  .'iii«l  1<  -: 

tlungor  of  hrcalvin;^'.    'i'lu;  wood  is  fuHtcnc<l  to  the  iron  rirn  ('^  •  ^ 

and  tlio  Icatljor  is^lued  to  llio  wood  ho  that  tlio  jointHaroall  reliable. 
The  wheels  of  the  machine  illustrated  arc  of  40  inehcs  diameter,  the 
iron  rim  ]  ■  2  inclu^s,  the  wood  J  /  2]  inches,  the  sfjokes  >i  in 
number  of  rountl  iron  .^iiich  diameter. 

KigH,  .')  nnd  <;. 


0U«<  LOHCACili-C:. 


The  wrought  iTon  wheel  will  be  adopted  hereafter  by  this  firm 
on  their  larger  machines  and  can  be  built  of  any  diameter  required 
up  to  12  feet. 

We  present  at  Fig.  7  an  illustration  showing  a  side  elevation  of 
a  boring  machine  by  Allen  Ransome  &  Co.,  of  London,  England. 
The  machine  is  intended  for  boring  in  wood  framing  of  all  kinds, 
The  spindle  has  a  lateral  traverse  of  15  inches,  and  a  vertical  move- 
ment of  16  inches. 

Vol.  LXI.— Third  Series.— Xo.  o.  May,  1S71.  40 
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The  weight  is,  with  the  carria^^e,  about  two  tons. 

Boring  machines  for  wood  correspond  to  drilling  machines  for 
metal,  except  as  to  the  greater  speed  of  the  spindles,  the  adjustments 
and  movements  are  the  same.     The  modifications  met  with  are  as 


..--^y'-^yw^z/W////////^^^^^^ 


various  as  the  purposes  to  which  they  are  applied  and  no  standard 
form  of  construction  has  been  adopted  by  the  makers. 

We  will  notice,  however,  a  machine  built  in  Indiana  some  four 


HiijinfCi.-i  tinii  Mar/iiiiial.f.  .'515 

or  C\v^^  yc'urs.siiico  wlicroiii  iIk;  Iravcryo  nunwrmciit  of  the  s|  . 
performed  by  powcrr;  that,  is,  llie  l:it(jral  adjUMlmeiit  \va»  j-  i 

l»y  tlie  iiiacliiiio  itself  llirou^dj  llio  iiK.'aiiM  of  friction  clutchcH.  Thin 
involved  qtiilo  a  cojiiplictalion  of  nieeliani.sin  liciioallj  lli«  Hjiitidlc 
without  any  t'ciual  ol»jcct  in  adjusting  the  bit;  nn  operation  that 
re(iuiros  hut  little  power  and  has  in  the  end  to  l>c  j^overned  by 
hand  adjustment;  in  short,  it  is  as  easy  to  adjust  the  bit  and  sj)in- 
die  as  it  is  to  adjust  tlie  friction  elutehes,  A  compound  vertical 
niachinc  with  two  spindles  having  12  inches  traverse  and  16  inches 
vertical  movement  of  tlic  sj)indlcs,  was  arranged,  and  is  now  build- 
ing by  Richards,  Kelly  k  (Jo.  for  J.  T)rip[)s,  C.  E.,  Superintendent 
oi'  Motive  Power,  Pennsylvania  K.  li.  Co.  This  machine  is  framed 
in  iron,  weigliing  1000  lbs.  with  traversing  table. 

(To  bn  continued  ) 


ENGINEERS  AND  MACHINISTS. 

IIV    J.    IIlCUARI'S,    M.    K. 

The  manufacture  of  machinery  can,  and  perhaps  should,  be  di- 
vided into  three  branches:  engineering,  machine  fitting,  and  the 
commercial  department.  In  this  country  a  person  or  a  firm,  in 
order  to  found  a  successful  business,  must,  in  some  degree,  compass 
all  of  these  things;  they  must  generate  designs,  carry  them  out  in 
the  construction  of  the  machines,  and  then  negotiate  their  sale.  To 
theorize  on  the  subject  without  considering  the  history  of  the  me- 
chanic arts,  there  would  seem  to  be  a  legitimate  division  of  these 
separate  branches,  and  no  doubt  such  a  conclusion  would  be  cor- 
rect if  it  were  practicable  to  divide  them  with  the  present  degree 
of  knowledge  possessed  of  the  forms  of  construction  and  means  of 
fitting.  And  it  is  safe  to  assume  that  the  necessity  of  this  combi- 
nation is  found  in  the  imperfections  of  the  art.  Designs  have  to 
be  qualided  by  experiment,  and  sales  negotiated  that  are  contin- 
gent upon  successful  performance,  and  in  order  to  meet  these  con- 
ditions the  whole  must  co-operate  together. 

That  the  principle  is  the  same  in  a  general  way  that  leads  to  a 
division  of  labor  in  the  shops,  cannot  be  denied,  the  object  being 
to  systematize  and  produce  cheaper.  Any  manufacturer  that  is 
not  trammeled  and  worried  by  the  care  and  risk  of  making  designs 
and  plans,  and  can  give  his  entire  attention  to  shop  manipulation, 
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can  make  macliines  better  and  cheaper  than  if  he  attends  to  both. 
Again,  relieve  him  of  all  commercial  care  and  responsibility  ex- 
cept the  purchase  of  material  and  his  pay  roll,  and  the  result  must 
be  that  no  mongrel  business  could  be  done  to  compete. 

In  England  we  have  an  indisputable  evidence  of  this  in  the 
manufacture  of  staple  articles,  at  Birmingham  and  elsewhere.  The 
manufacturers  go  to  London  and  contract  for  a  season's  production 
with  some  commercial  house,  to  whom  all  their  goods  are  sent. 
They  then  go  home  to  give  their  attention  solely  to  the  details  of 
their  shops.  The  plans  and  designs  have  been  fixed  by  custom 
and  experience  and  the  goods  are  sold  by  others.  The  conse- 
quence is  that  the  cost  of  production  has  decreased  until  they  can 
defy  competition. 

The  great  engineering  firms  of  our  own  and  other  countries,  it 
is  true,  have  been  founded  and  conducted  on  a  different  principle, 
and  their  example  offers  a  strong  argument  for  its  continuance ; 
but  at  the  same  time  there  are  faults  attending  the  most  successful 
that  must  not  be  overlooked,  one  of  which  is  that  such  shops  are 
generally  the  product  of  a  one-man  power — some  one  endowed 
with  an  extraordinary  ability  and  a  versatility  of  talent  that  ena- 
bles them  to  plan,  build,  and  sell.  This  focal  one-man  power  is  to 
be  found  in  nearly  every  successful  engineering  firm  in  existence, 
and  the  result  is  that  when  this  power  fails  and  is  not  supplanted 
by  one  similar  and  equal,  there  is  soon  a  want  for  an  epitaph.  In 
fact,  the  ordinary  ranks  of  mankind  furnish  but  few  men  who  can 
master  and  execute  the  details  of  a  successful  engineering  business 
as  now  conducted. 

There  is  against  the  system  a  powerful  argument  found  in  the 
fact  that  efficiency  can  only  be  attained  by  strict  attention  to  one 
thing ;  and  while  we  have  a  few  first-class  shops  that  do  attain  it 
in  all  departments,  we  have  for  each  one  such  a  score  that  make  a 
miserable  failure.  Look  over  our  country''  and  no  shop  will  be  found 
however  small,  or  no  matter  how  much  risk  is  being  run  in  the  use  of 
a  limited  capital,  but  that  is  trying  to  produce  something  new  and 
startling,  some  new  modification  of  machines,  or  novel  experiment 
that  belongs  to  the  engineer  and  not  the  machinist.  It  is  even 
common  for  persons  to  advertise  as  engineers  and  machinists  who 
have  not  the  least  capacity,  education,  nor  means  to  generate  de- 
signs nor  to  calculate  plans ;  the  result  is  generally  failure — the  in- 
evitable failure  to  succeed  in  engineering,  and  the  consequent  fail- 
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urc  of  tlic  in.'U'hinn  sljop  lor  want  of  nicanH  flquatrlcnvl   lu   rxjicn 
mont. 

Wliut  is  (riK?  iti  this  respect  witli  ro^^ard  U)  engineering  in 
equally  true  in  rc'fortsnce  to  the  cornriK-rcial  departiiifnt  of  th<j  rna- 
chiuo  business.  As  our  shops  are  now  or;/ani/ed,  a  machinist,  to 
start  business,  must  have  all  the  adjuncts  of  a  counting-room — a 
complication  of  accounts,  a  correspondence  all  over  the  country — 
ho  must  advertise,  travel — in  short,  expend  on  a  business,  no  mat- 
ter how  small,  the  same  amount  that  would  be  needed  if  he  were 
doing  ten  times  the  business.  This  is  tlie  result  of  our  conglomer- 
ate system  of  machino  manufacture.  And  wliilc  it  must  be  ac- 
cepted as  a  necessity  growing  out  of  the  unfortunate  state  of  the 
art,  it  can  do  no  harm  to  understand  it  and  talk  about.  And  while 
circumstance  must  perforce  for  a  time  maintain  this  state  of  aftairs, 
our  highest  good  and  greatest  success  must  ultimately  grow  out  of 
a  diflerent  system,  in  which  the  engineer  is  responsible  for  designs, 
the  machinist  for  his  work,  and  the  commercial  man  for  the  con- 
tracts. 


BELTING  FACTS  AND  FIGURES. 

IJV    .1.    II.    C'OOFKK. 

(Continued  from  page  271.) 

A  Large  Leather  Belt. 

"At  the  Kew  Jersey  Zinc  Co.'s  works  at  Newark,  X.  J.,  is  a 
quadruple  leather  belt  of  unusually  large  dimensions.  It  is  102 
feet  long,  4  feet  wide  and  weighs  2200  lbs.  The  outside  layer  con- 
sists of  two  widths,  the  second  and  fourth  layers  of  three  widths, 
and  the  third  layer  of  four  widths ;  all  the  layers  being  rivetted 
and  glued  together,  and  the  end  joints  of  the  pieces  forming  the 
several  layers  are  lapped  to  give  the  greatest  tensional  strength  to 
the  whole. 

"  It  runs  on  an  engine  baud  wheel  2-i  feet  diameter,  with  straight 
face  4  feet  wide  of  smooth  turned  iron  and  over  a  driven  pulley  on 
the  line  shaft  of  7  feet  diameter  having  similar  face,  the  centre  of 
which  lies  5  feet  above  the  engine  shaft. 

"It  has  been  in  use  three  years,  is  doing  well  and  givinz  no 
trouble,  even  when  doing  its  heaviest  work. 
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"  The  engine  has  a  cylinder  of  28  inches  diameter  and  5  feet 
stroke,  makes  35  revolutions  per  minute  under  70  lbs.  of  steam 
and  14  lbs.  of  vacuum  ;  estimated  capacity  of  belt  250  horse-power, 
velocity  3080"7  feet  per  minute,  and  49'3  square  feet  of  belt  travel- 
ing per  minute  per  horse-power."— J".  Hartman. 

^''  Band  Links, — Where  tension  alone,  and  not  thrust,  is  to  act 
along  a  link,  it  may  be  flexible,  and  may  consist  either  of  a  single 
band  or  of  an  endless  band  passing  round  a  pair  of  pulleys  which 
turn  round  axes  traversing  and  moving  with  the  connected  points. 
For  example,  in  Fig.  1,  A  is  the  axis  of  a  rotating  shaft.  B  that 
of  a  crank  pin.  C,  the  other  connected  point,  and  B  C  the  line  of 
connection ;  and  the  connection  is  effected  by  means  of  an  endless 
band  passing  around  a  pulley  which  is  centered  upon  C,  and  round 
the  crank-pin  itself  which  acts  as  another  pulley.  The  pulleys  are 
of  course  secondary  pieces,  and  the  motion  of  each  of  them  belongs 
to  the  subject  of  aggregate  combinations,  being  compounded  of  the 
motion  which  they  have  along  with  the  line  of  connection,  B 
C,  and  of  their  respective  rotations  relatively  to  that  line  as  their 
line  of  centers;  but  the  motion  of  the  points  B  and  C  is  the  same 
as  if  B  C  were  a  rigid  link,  provided  that  forces  act  which  keep 
the  band  always  in  a  state  of  tension. 

"  This  combination  is  used  in  order  to  lessen  the  friction,  as 
compared  with  that  which  takes  place  between  a  rigid  link  and  a 
pair  of  pins  ;  and  the  band  employed  is  often  of  leather,  because  of 
its  flexibility." — Rankine's  Mill  Work,  p.  213. 

"  In  Fig.  2  we  give  a  sub- 
stitute for  Fig.  1,  in  which 
an  excentric  B  takes  the 
place  of  the  crank,  allowing 
a  straight  shaft  to  be  used. 
When  the  excentricity  of 
B  equals  the  radius  of  the 
crank,  the  result  is  the 
same,  but  experiment  has 
proven,  in  the  case  of  the 
excentric  used  in  the  trea- 
dle arrangement  of  the  lat- 
ter, that  the  motion  lacks  freedom,  the  treadle  moving  heavily." 

"  Cement. — A  cement  for  joining  pieces  of  leather,  one  which  re- 
peated tests  have  shown  to  be  very  efficient,  may  be  made  by  dis- 
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solving  in  ii  inixlnK;  <jf  ten  pjirts  of  M  sulphi'l*!  of  (jarboii  and  f)iio 
))jirt  of  oil  (»r  liiipL'iitiiic,  enough  guttai»<)r<;hu  to  lliick«in  iho  corn- 
position.  Tlu!  IcMtlior  must  b(!  freed  from  grease  by  placing  on  it 
a  cloth  :iii«I  pifssiii;^  tin?  laltcr  with  a  hoi  iron.  It  is  important 
that  the  pircos  (•(•nientcij  Ix;  pre.ssed  t<.;^ether  until  the  eernent  i.n 
dry." 

"  Cement  for  Fastening;  Leather  to  Iron  nr  Ohiss. — To  one  quart  of 
glue,  after  it  is  di.ssolved  in  good  cider  vinegar,  add  one  ounce  of 
Venice  turpentine,  let  it  cook  about  lialf  a  day,  when  it  is  fit  for 
use." — 0.  L.  C,  of  N.  II.,  in  Scientific  American^  Feb.  11,  1871. 

"  Cement  Jor  Leather  ]ieltin<j. — "  Of  common  glue  and  American 
isin<2;la.ss,  take  equal  parts;  put  tliem  in  a  boiler  and  add  water 
sufTiciont  to  just  cover  the  whole.  Let  thcrn  soak  ten  liours,  then 
bring  the  mixture  to  a  boiling  heat  and  add  pure  tannin  until  the 
whole  becomes  ropey  or  appears  like  the  white  of  eggs.  Applv  it 
warm.  BulYtlie  grain  off  the  leather  where  it  is  to  be  cemented; 
rub  the  joint  surfaces  solidly  together,  let  it  dry  a  few  hours  and 
it  is  ready  for  use.  If  properly  put  together  it  will  not  need  rivet- 
ing, as  the  cement  is  nearly  of  the  same  nature  as  the  leather 
itself." — J.  S.  of  Minn.,  in  Sci.  American,  Feb.,  1871. 

Cement  for  fastening  Chamois  and  other  Leather  to  Iron  and 
Steel. — Dr.  Carl  W.  Ileinischcn,  of  Dresden,  gives  the  following : 
"Spread  over  the  metal  a  thin,  hot  solution  of  good  glue;  soak  the 
leather  in  a  warm  solution  of  gall-nuts  before  placing  on  the  metal 
and  leave  to  dry  under  an  even  pressure.  If  fastened  in  this  man- 
ner it  is  impossible  to  separate  the  leather  from  the  metal  without 
tearing  it." — G.  E.  M.,  of  Texas,  in  Sci.  American,  Feb.,  1871. 

"Adhesive  for  Btihher  Belts. — Coat  the  driving  side  with  boiled 
linseed  oil  or  cold  tallow,  which  may  be  done  while  the  belt  is 
running  and  then  sprinkle  the  surface  evenly  over  with  fine  chalk. 
This  will  not  injure  the  rubber,  as  the  belt  does  not  absorb  the 
tallow."— C.  E.  a.,  of  Ct.,  in  Sci.  American,  Dec,  1870, 

A  good  adhesive  for  leather  belts  is  printer's  ink.  I  have  the 
case  of  a  six  inch  belt  running  dry  and  smooth  and  slipping,  which 
latter  was  entirely  prevented  for  a  year  by  one  application  of  the 
above. 

(To  be  continued.) 
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IRON  MANUFACTURES  IN  GREAT  BRITAIN. 

THIED     PAPER. 

By  K.  H.  Thurston, 

First  Asst.  Eng.,  A.  A.  Prof.  Nat.  Philo.?.,  U.  S.  N.  A.  ;  Member  of  the  Institute- 

(Continued  from  page  259.) 

The  next  most  interesting  district  to  the  American  engineer  is 
tliat  from  whicli  we  receive  the  large  quantities  of  Scotcli  iron  that 
are  imported  into  our  market. 

Scotch  practice  is  in  marked  contrast  with  that  just  described. 

The  furnaces  are  smaller  than  those  of  Yorkshire,  seldom  rising 
above  60  feet  in  height,  as  the  materials  charged  do  not  seem  able 
to  bear  great  crushing  weights.  Even  at  60  feet,  trouble  is  found 
to  arise  from  the  coke  falling  down  into  the  hearth  unconsumed. 

The  number  of  furnaces  reported  in  blast,  at  the  time  of  our  in- 
vestigation, was  127,  with  a  production  of  about  one  and  a  quarter 
millions  of  tons  annually. 

The  production  of  the  larger  furnaces  even  seldom  exceeds  200 
tons  per  week. 

As  raw  coal  is  used  for  fael,  the  furnace  gases  consist  largely  of 
hydro-carbons,  and  are  allowed  to  pass  off  freely  from  the  open  tops 
of  the  furnaces.  No  means  of  utilizing  them  are  usually  adopted, 
as  attempts  to  take  off  the  gases  have  generally  occasioned  serious 
irregularity  in  the  action  of  the  furnaces. 

Table  1  contains  an  analysis  of  the  remarkable  "  Scotch  black- 
band,"  which  is  the  principal  ore  of  this  district.  It  contains, 
usually,  over  60  per  cent,  of  metallic  iron  after  calcining. 

The  roasting  is  often  effected  without  expense  for  fuel,  the  carbon 
contained  in  the  ore  being  sufficient  for  the  purpose,  and,  in  ex- 
ceptional cases,  amounting  to  25  per  cent,  of  its  weight ;  the  per 
centage  usually  ranges  from  4  to  10.  The  calcined  ore  is  charged 
into  the  furnace  with  from  20  to  80  per  cent,  of  limestone,  making 
about  two  tons,  and  sometimes  less,  of  these  materials  per  ton  of 
iron  made.  The  proportion  of  fuel  used  is,  however,  extravagant, 
averaging  probably  between  45. and  50  hundred  weight  per  ton  of 
iron,  and  to  this  is  to  be  added  the  amount  of  "  slack"  required  for 
heating  the  blast  and  making  steam, 
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Tliu  louiili yiiien  of  NeiLson  citlior  flo  not  approcialo  the  full  value 
of  Ills  iiivi'iilioii,  or  iilso  jiio  uiialjlo  to  avail  tlicniMclvcH  of  it, 
and  it  si;cms  (luitr  siiipri.siiij.^  to  Jiii<l  licrc  a  tcrnpcraturu  of  biuMt 
rarely  cxoceiliii^  7'><)  .  Its  pressure  is,  up(jii  the  avera;/(;  furnace, 
Ji  pounds  pel"  .sfpian'  inch.  'J'ho  heating  slfjvos  are  usually  fitted 
with  the  "pistol  pipe."  The  furnaces  are  usually  in  clo.sc  prox- 
imity to  both  ore  and  uoal,  which  are  frequently  drawn  from  the 
same  shaft.  The  consequent  cheapness  of  materials  may  have  some 
iidluence  in  producing  the  great  difference  between  the  Scotcli  and 
the  Cleveland  practice. 

A  cliangc  for  tlie  better  is  said  to  be  now  noticeable,  and  it  will, 
undoubtedly,  be  hastened  by  the  increasing  expense  of  Scotch  ores 
and  fuel  and  the  rising  competition  of  other  districts. 

The  product  of  Scotch  furnaces  is  usually  of  the  well  known 
dark  foundry  grades,  and  the  phospliorous  which  it  contains  prob- 
ably gives  it  its  fluidity  and  easy  fusibility.  The  lighter  grades  are 
made  into  fair  wrought  iron  by  careful  puddling,  and  furnish  a  large 
proportion  of  the  iron  worked  by  the  great  shipbuilding  establish- 
ments of  the  Clyde. 

Staffordshire  is  at  present  the  largest  iron  making  district  of  Great 
Britain,  but  there  is  little  to  be  noted  here,  the  methods  adopted 
being  neither  as  economical  as  in  Cleveland  nor  as  'wasteful  as  in 
Scotland,  and  similar  remarks  will  apply  to  the  iron  producing  por- 
tion of  AVales.  The  latter  district  has  the  best  coals  for  metallur- 
gical purposes  to  be  found  in  the  country,  and  the  manufacture  is 
very  largely  developed  both  of  pig  metal  and  refined.  There  are 
about  120  furnaces  in  blast  in  South  AYales,  and  large  quantities  of 
cast  iron  are  worked  into  nails,  bars  and  plates,  and  a  considerable 
amount  of  steel  is  made  by  the  Bessemer  process.  We  give  analyses 
in  Table  1  of  Staffordshire  and  Welsh  ores. 

The  immense  and  extremely  rapid  growth  of  the  manufacture  of 
steel  by  the  pneumatic  process,  in  England,  has  caused  a  corres- 
pondingly urgent-demand  for  ores  of  exceptional  purity.  It  is  well 
known  by  every  engineer  that  this  process  cannot  be  successfullv 
worked  where  the  pig  metal  is  not  rich  in  carbon  and  free  from 
sulphur  and  phosphorus.  A  minute  quantity  of  sulphur  may  be 
present  in  the  pig  metal,  as  manganese  acts,  to  a  certain  extent,  as 
its  antidote,  but  the  presence  of  a  fraction  of  one  per  cent,  of  phos- 
phorus is  fotal.  As  English  ores  are  almost  invariably  contami- 
nated to  a  considerable  extent  with  these  elements,  the  mines  and 
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furnaces  of  Cumberland — almost  the  only  locality  where  an  ore  can  be 
obtained  of  a  quality  that  may  be  used  in  this  process — are  rapidly 
increasing  their  production,  while  prices  are  rising  so  steadily  and 
rapidly  as  already  to  cause  some  uneasiness  to  be  felt  by  consumers. 

The  Cumberland  and  Lancashire,  or  "  West  Coast  district,"  is 
situated  at  the  north-west  corner  of  England,  and  the  largest  man- 
ufacturing town  is  Barrow,  a  few  years  ago  a  mere  hamlet,  but  now 
a  city  of  25,000  people.  We  give  an  analysis  of  the  ore  in  Table 
1.  It  is  a  rich,  pure,  red  hematite,  containing  barely  a  trace  of 
either  sulphur  or  phosphorus,  and  is  found  in  irregular  masses  in 
the  limestone  ;  its  principal  impurity  is  silica. 

The  fuel  is  generall}''  Durham  coke,  with  some  admixture  of  na- 
tive, which,  however,  contains  too  much  sulphur  and  phosphorus. 
The  furnaces  are  of  medium  size,  with  blast  heated  to  800°  Fahr., 
and  at  a  pressure  of  about  4  pounds  per  square  inch. 

The  product  is  about  400  tons  per  week  as  an  average  for  the 
more  recent  furnaces. 

The  manufacturers  of  Cumberland  are  now  receiving  above  £4 
per  ton  for  their  No.  1  pig  metal — over  fifty  per  cent,  more  than  is 
paid  for  other  irons — and  are  still  unable  to  supply  the  market. 

British  manufacturers  still  use  the  old  crucible  process  in  making 
the  finer  grades  of  steel,  and  the  amount  produced  is  by  no  means 
small  in  the  aggregate,  but,  for  the  "  mild  steel"  which  is  required 
for  rails,  boiler  and  ship  plates,  shafts,  and  many  other  purposes 
for  which  wrought  iron  was  formerly  used,  the  pneumatic  process 
is  principally  employed. 

The  largest  manufacturing  establishment  working  this  process  is 
the  Barrow  Iron  and  Steel  Works. 

Here  the  pig  iron  is  melted  in  eight-ton  charges  in  cupola  fur- 
naces, with  coke  as  fuel,  the  pressure  of  blast  being  about  one  pound 
per  square  inch.  For  reheating  the  ingots,  the  Siemens  gas  fur- 
nace is  used,  and  is  found  vastly  more  efficient,  in  every  way,  than 
the  ordinary  furnace.  Uniformity  of  character  in  the  pig  iron  is 
secured  by  breaking  the  pigs  and  distributing  the  pieces  among  the 
large  number  of  heaps  into  which  the  stock  is  separated. 

The  spiegeleisen  is  principally  imported  from  Germany,  and  the 
war,  just  terminated,  has  seriously  interfered  with  steeL  making 
throughout  Great  Britain,  although,  occasionally,  as  at  the  Dowlais 
Works  in  South  Wales,  unusual  foresight  had,  at  its  outbreak,  se- 
cured a  large  stock— sufficient  for  several  months. 
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Sonio  (lilficulty  is  fbuiid  in  making,  witli  ordinary  .s(>icg».-lci,son,  a 
steel  riehin  manganese  ami  at  the  same  tirneeontaining  a  sufTiciently 
small  per  ccutagc  of  carbon,  and  some  attempt.s  have  been  made  to 
manufacture  an  alloy  of  iron  and  manganese,  with  a  small  quantity 
of  carbon,  for  the  especial  purpose  of  making  a  good  <piality  of 
metal  containing  less  than  one-half  per  cent,  of  carbon.  Such  a 
melal  would  be  largely  used  where  sudden  strains  arc  to  be  re. 
sistcd,  as  in  armor  plate  and  ordnance.  The  manufacture  of  this 
"  ferromanganese"'  has  not,  however,  become  a  commercial  success, 
although  good  samples  have  been  made. 

The  greater  portion  of  steel  made  by  the  pneumatic  process  in 
England  is,  as  in  the  United  States,  rolled  into  rails.  Barrow  rails 
are  well  known  in  this  country,  thousands  of  tons  having  been  im- 
ported for  our  principal  railroads. 

The  Dowlais  Works  are  also  large  manufacturers  of  Bessemer 
steel.  This  immense  establishment  was  built  up  by  the  well  di- 
rected intelligence  of  one  man.  Sir  John  Guest.  About  10,000  peo- 
ple are  now  employed  in  its  works  and  mines. 

The  Dowlais  "Works  produce  annually  30,000  tons  of  steel  rails, 
from  ore  mixtures  consisting  largely  of  Cumberland  hematite,  and 
probably  four  times  as  great  a  quantity  of  iron  rails  from  native 
ores.  A  considerable  quantity  of  Spanish-Bilboaore  is  imported,  at 
a  cost  of  about  16  or  18  shillings  per  ton,  and  being  of  quite  good 
quality,  it  mixes  well  with  more  expensive  ores,  in  steel  making, 
and  with  native  ores  for  iron  making. 

We  noticed  at  Dowlais,  as  well  as  at  other  rail  mills,  that  the 
rolls  were  arranged  to  reverse,  the  older  by  clutches,  the  more  re- 
cent by  the  Eamsbottom  reversing  engine,  which  seemed  alwavs  to 
give  perfect  satisfaction  to  both  workmen  and  managers. 

We  found  Bessemer  plant  and  steel  rolling  mills  at  the  well 
known  Sheffield  establishments  of  John  Brown  &  Co.  and  Cammell 
k  Co.,  both  of  which  firms  have  a  reputation  in  the  United  States 
as  makers  of  steel  rails.  These  establishments  have  immense  rolls 
for  the  manufacture  of  armor  plate,  which  they  turn  out  of  a  thick- 
ness of  14  and  15  inches.  The  rolls  are  only  remarkable,  however, 
for  their  great  size  and  strength  ;  there  is  no  novelty  in  their  de- 
sign. 

The  "  Siemens-Martin'"  process  of  steel  making  is  in  successful 
operation  in  Great  Britain,  as  in  the  United  States,  and  we  had  the 
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pleasure  of  witnessing  it  at  the  "  Siemens'  Works,"  at  Landore, 
Soutli  Wales. 

The  Bessemer  process  is  only  adapted  to  working,  advantage- 
ously, the  purest  of  cast  iron,  and  that  only  when  containing  a 
large  amount  of  graphitic  carbon  and  of  silicon  ;  the  character  of 
the  charge  cannot  be  well  ascertained  until  actually  poured  from 
the  converter  into  the  ingot  mould,  when  it  is  too  late  to  remedy 
any  defect ;  scrap  metal  and  white  irons  cannot  be  used  in  decar- 
bonizing. The  great  advantage  of  the  process  is  simply  the  rapidity 
of  conversion  and  its  economy  when  competing  with  the  old  method, 
of  steel  making. 

In  the  Siemens-Martin  process  the  pig  metal  is  melted  on  the 
hearth,  and,  under  the  intense  heat  of  the  Siemens  gas  furnace,  it  is 
kept  fluid,  even  after  the  addition  of  wrought  iron — either  in  form 
of  scrap  or  puddle  balls,  usually — has  decarbonized  it.*  Spiegel- 
eisen  is  then  added,  as  in  the  Bessemer  process,  and  the  metal  is 
tested  by  withdrawing  a  spoonful,  and  more  pig  iron  or  scrap  or 
spiegeleisen,  as  either  may  be  required,  is  added  until  the  desired 
quality  is  obtained. 

In  this  process  a  white  cast  iron  may  be  used  to  better  advantage 
than  grey,  scrap  metal  and  other  cheap  decarbonizing  material  may 
be  used,  and  the  charge  need  not  be  tapped  off  until  it  is  of  pre- 
cisely the  quality  demanded,  as  the  molten  metal  may  lie  as  long  as 
may  be  convenient  under  the  neutral  gas  flame  without  loss  of  iron 
or  change  of  character. 

The  process  was  in  regular  working  at  Landore,  and  the  product 
was  of  excellent  quality  and  admirable  in  its  uniformity  of  cha- 
racter. 

The  commercial  success  of  the  process  will  depend  largely  upon 
the  relative  cost  of  foundry  and  forge  irons  and  upon  the  price  of 
scrap,  but  from  statements  of  cost  furnished  at  Landore,  it  would 
seem  a  much  more  profitable  process  of  steel  making,  at  present, 
than  the  pneumatic  method.  The  metal  being  worked  on  the  hearth 
of  the  reverberatory  furnace,  a  judicious  use  of  good  fettling  mate- 
rial, by  taking  off  sulphur  and  phosphorus,  enables  a  less  pure  iron 
to  be  worked,  also,  than  can  be  used  in  making  Bessemer  pig. 

*The  inventors  and  those  who  are  working  this  process  have  a  theory  that  the 
decarbonization  is,  at  least  partly,  due  to  a  '-dissociation"  of  the  carbon  from 
the  metal  at  the  intensely  high  temperature  at  Avhich  it  is  kept  in  the  "  Sie^- 
mens  furnace,  and  the  remarkably  small  proportion  of  malleable  iron  required 
seemed  to  indicate  that  the  process  is  not  one  of  dilution  alone. 
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At  IjamlMir  Hutno  oxciilN-'iil  Hpcnin.  i.  .  ■/.  -,,.■.  »■  ..  mIiowii, 
also,  wliicli  \v«'n5  iiiiulc  hy  lliu  Siorm^nn  "  (Jio  procCMM,"  at  even  hiHH 
cost  tliiiii  tho  SioiiuMis  Nfarlin  Mtcc!!.  Tliin  proccMM  will  noon  bo  pa- 
Iciitctl  it)  this  coiiiilrv,  ami,  for  many  localilitrs,  will  probjiMy  Ix; 
I'oiiikI  tli(^  most  valiialilo  process  y«;t  inlrodmird.  Tins  mcllio*!  lm«l 
IxH'ii  rogularlv  in  >ist;  for  s<!v«'ral  moiillis  at  Ijarnlore,  uii<i  very  huc- 
I'lilly,  and  tlio  four  now  furnaces,  now  constrtictod  especially  for  the 
oic  process,  are  expected  to  give  y(!t  more  f.ivoraMe  result^  W<' 
aif   not  yet  at  liberty  to  describe  tlio  details  of  tho  process. 

<  )nc  cause,  undoubtedly,  of  the  success  of  British  IJcssciner  steel 
makers  is  the  invariable  employment  of  a  professional  chemist  at 
ilie  works,  who  analyzes  carefully  all  stock  received,  and  all  grades 
of  product.  Frequently  lie  niakes  a  set  of  analyses  of  metal  at  va- 
rious .stages  of  manufacture,  and  tlius  keeps  a  u.seful  check  upon  all 
employees,  from  jnirchasing  agents  to  the  workmen  in  f'l.'  rolling 
mill. 

A  chemical  test  determines  the  value  of  all  materials  before  pur- 
chase, and  equally  well  whether  a  cracked  rail  is  faulty  in  the  cba- 
lacter  of  the  metal  or  from  carelessness  at  the  rolls,  and  as  work  is 
usually  ]>aid  for  "  by  the  piece,"  the  loss  does  not  usually  fall  upon 
the  employers  if  caused  by  ignorance  or  carelessness  of  employees. 

The  use  of  bteel  seems  ip  be  extending  more  rapidly  in  Great 
Britain  than  in  the  United  States ;  crankshafts  and  other  parts  of 
the  steam  engine,  screw  propellers,  and,  to  some  extent,  steam  boiler 
and  ship  plates  are  made  in  steel.  It  is  but  a  short  time  since  manu- 
facturers were  unable  to  guarantee  steel  plate  of  greater  thickness 
than  '^-inch,  but  good  plate  can  be  obtained  now  of  any  thickness 
that  can  ordinarily  be  used  in  either  boiler  making  or  shipbuilding, 
and  a  steel  containing  from  0"o  to  O'o  per  cent,  carbon  is  probably 
before  man\'  years  destined  to  supersede  wrought  iron  almost  en- 
tirely. Such  a  steel  has  all  of  the  ductility  and  malleability  of 
wrought  iron,  combined  with  very  mucli  higher  absolute  tenacity 
and  resilience.  Its  introduction  renders  many  constructions  prac- 
ticable that  were  quite  impracticable  with  wrought  iron,  and  the 
coming  "  steel  age"  may  present  as  great  a  contrast  with  the  ex- 
piring "iron  age"  as  is  seen  between  the  latter  and  the  "age  of 
bronze."" 
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Analysis  of  British  Ores  and  Irons. 
ORES. 


LOCALITY. 

Cleveland  Ore. 

Staffordshire. 

S.  Wales. 

Cumber- 
land. 

ProtoiiiJe  Iron 

39-92 
3-60 
0-95 
7-86 
7-44 
3-82 
6-27 
712 

22-85 
1-86 

trace. 
Oil 
2-97 

trace. 
1-64 

43-02 
2-86 
0-40 
5-87 
5-14 
5-21 

7-i'2 

25-50 

1-81 

3-48 
0-15 
0-U5 

s. 

30-96 

0-73 
0-13 
1-84 
2-90 

o'is 

22-13 
0-26 

trace. 
0-12 
2-39 
0-10 

37-90 

46-53 

2-54 
0-97 
2-41 
1-39 

30-77 
0-69 
0-04 
0-34 
1-47 

10-46 
2-27 

40  30 

1-03 
1-43 
1-44 

2-77 

2'8-33 
0  88 

trace. 
0-09 
0-74 
0-29 

22-48 

Se^ouioxide  Iron.... 

95-16 

Protoxide  Manganese. 
Alumina 

0-24 
U07 

Magnesia 

Potash 

Silica 

Carbonic  Acid 

Pliosphorio  Acid 

Sulphuric  Acid 

trace, 
trace. 

Bisulphide   Iron 

trace. 

Water 

Organic  Matter 

Ignited  Insol.  Residue 

5-68 

100-41 

100-61 

99-61 

99-88 
86  39 

99-68 

101-15 

Metallic  Iron 

33-62 

85-46 

24;88 

31-68 

66-60 

Authority 

A.  B.  Dick. 

A.  B.  Dick. 

J.  Spiller. 

A.  B  Dick. 

A.  B.  Dick. 

A.B.Dick. 

IKONS 


LOCALITY. 

Cleveland. 

Staffordshire. 

S.  Wales. 

Cdmber- 

LAND. 

Carbon  (graphites) 

3-04 
2-73 
0  04 
1-30 
0-38 



3-35 
1-57 
0-04 
1-38 
U-07 

S. 

312 
1-16 
005 
044 
0-94 

N. 

2-54 

2-71 

0-04 

107 

0-98 

295 
1-96 
0-28 
0  63 
0-23 

0  04 

3-22 
3-02 

Sulphur 

Phosphorus  

None. 
0-06 

Manganese 

0-11 

Nickel  "1 

Cobalt  /  ' 

Authority 

Percy. 

Percy. 

Percy. 

Percy. 

E.  S.  Riley. 

,     Abel. 

1 


(hi  Chhiml  UijdriLle.  'i'll 

nhunic;:,  '>.Miiu>ic/;i,  and  (thcmictrp. 


ON  CHLORAL  HYDRATE. 

iJv   Koitr.   V.   FAiKTiiort.vK. 

AmoNcjst  the  most  desirable  aflditions  to  the  list  of  rnoriicines 
employed  for  the  relief  of  the  frail  or  diseased  portion  of  the 
huiiKin  family,  a  substance  giving  repose  to  the  excited  brain  and 
bod)',  procuring  calm,  refreshing  sleep,  and  followed  by  no  baneful 
eflect  to  those  using  it,  would  be  considered  of  the  greatest  value. 

It  has  been  said,  "  Blest  is  the  man  who  first  invented  sleep." 
I  do  not  suppose  that  he  who  finds  the  means  for  obtaining  the 
same  at  pleasure  is  any  less  deserving  of  benediction. 

In  vain  we  look  over  the  Materia  Medica  of  our  Pharmacopoeia 
for  a  somnific  that  is  both  reliable  and  free  from  dangerous  effect. 
We  find  opium,  belladonna,  aconite,  morphia,  fish-berries,  chloro- 
form, ether,  digitallis,  and  stramonium  ;  all  reliable  narcotics ;  but 
none  of  which  can  be  taken  without  danger,  and  none  without 
being  followed  by  some  evil  influence. 

Then,  again,  we  find  lactucarium,  (lettuce  opium,)  hemlock,  lu- 
pulin,  hyosciamus,  and  valerian,  (although  occasionally  efiicacious 
and  without  deleterious  properties,)  are  so  unreliable  that  they  are 
principally  emplo^-ed  in  cases  of  but  slight  indisposition. 

Should  we  find,  then,  something  combining  in  its  character 
the  reliability  of  the  substances  named  in  the  first  list,  together 
with  the  immunity  from  evil  characterizing  those  last  mentioned, 
we  would  regard  it  with  the  greatest  interest. 

It  would  be  premature,  perhaps,  to  claim  chloral  as  a  perfect 
hypnotic,  as  it  is  scarcely  two  years  since  it  began  to  be  employed 
as  a  medicine. 

It  was  discovered  by  Liebig,  about  thirty  years  ago,  but  remained 
as  a  scientific  curiosity  on  the  shelves  of  tbe  laboratories  of  Europe 
until  Dr.  Liebreich,  of  Berlin,  made  known  its  value  as  an  anaes- 
thetic to  the  medical  profession. 

He  was  led  to  experiment  with  it,  knowing  that  upon  addition 
to  an  alkaline  solution,  the  constituents  of  chloral  are  separated 
into  chloroform  and  formiate  of  potash.  The  blood  being  slightly 
alkaline,  containing  as  it  does  small  quantities  of  tbe  carbonates  of 
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soda  and  potassa,  suggested  to  his  mind  the  probability  of  this 
reaction  taking  place  in  the  human  subject. 

It  is  found,  however,  that  hydrate  of  chloral  differs  in  its  effect 
from  that  of  chloroform  in  not  producing  complete  anaesthesia,  ex- 
cept during  a  very  short  period  (a  minute  or  two)  after  having 
been  administered,  and  this  only  when  very  large  doses  have  been 
taken.  This  can  be  accounted  for  by  the  fact  that  the  blood  con- 
tains so  minute  a  portion  of  the  alkaline  salts  that  when  chloral  is 
decomposed  by  it  chloroform  must  be  very  slowly  developed. 

That  this  production  of  chloroform  really  takes  place,  I  think 
there  can  be  no  doubt,  as  has  been  conclusively  demonstrated  by 
the  experiments  of  Dr.  B.  W.  Eichardson,  (F.  E.  S.,)  before  a  meet- 
ing of  the  British  Association  at  Exeter,  England.  He  produced 
that  article  upon  mixing  the  hydrate  with  freshly  drawn  blood  and 
distilling  the  same.  Previous  to  distillation  chloroform  w^as  per- 
ceptible, so  that  it  must  be  generated  immediately  on  contact  with 
the  blood.     (See  Medical  Times  and  Gazette,  Sept.  4,  1869.) 

Dr.  Demarquay  of  the  French  Academy,  however,  does  not  agree 
with  this  theory,  thinking  that  the  hydrate  of  chloral  pene- 
trates the  system  unchanged,  but  the  weight  of  testimony  of  those 
employing  it  is  in  favor  of  Liebreich's  idea.  I  would  suggest, 
however,  the  possibility  of  but  a  small  portion  of  the  chloral  being 
split  up,  so  as  to  produce  only  a  minute  portion  of  chloroform, 
and  the  remainder  entering  the  body  unaltered. 

It  is  noticed  that  after  full  doses  of  this  substance  have  been 
taken,  there  is  a  short  space  of  time  during  which  complete  anass- 
thesia  takes  place,  and,  although  sleep  is  prolonged  several  hours, 
yet  entire  insensibility  is  confined  to  but  a  few  minutes.  This  may 
be  due  to  that  period  during  which  chloroform  is  first  produced, 
being  that  moment  when  probably  the  largest  amount  is  formed. 

The  hydrate  of  chloral  given  in  moderate  doses  (from  10  to  35 
grains)  usually  procures  sleep  of  seven  or  eight  hours'  duration^ 
which  in  appearance  is  natural,  and  in  effect  refreshing.  Neither 
the  frequency  of  the  pulse  nor  of  respiration  are  usually  altered  by  it. 
No  disagreeable  effects,  except  in  very  rare  instances  are  perceived 
upon  awakening,  and  even  in  these  only  slight  headache  and  nau- 
sea follow,  and  which  soon  pass  off.  Even  in  quite  large  doses, 
(from  50  to  80  grains,)  it  seldom  causes  any  unpleasant  symptoms, 
upon  the  patient  resuming  consciousness. 

Dr.  Lincoln,  of  Boston,  having  a  patient  who  had  been  -without 


slucp  for  .'I  week,  willi  tii<'  <■ -.c-.  j.iimh   .,i   an  ii.,iir  ;i    m;^rit,  arifi       ' 
I'ud  taken  opium,  valnian,   lujiuliii,  caimaiiiH  itidica,  and   \\y" 
mils  in  vain,  gav(!  !."»  ^niiii.s  of  liydrat*?  of  cliloral  nimbtly,  with  lli'r 
HiocurennMil  of  seven  lionrs'  sleep  in  each  iioclurnal  [x'rifxl. 

It  appears  to  h<!  the  most  perfect  hypncdic  known,  and  the  ahove 
is  only  a  fair  specimen  of  numberless  instances  where  its  adrniiiitttra- 
lion  has  been  followed  i)y  <'f|ually  good  resullH.  W'itli  the  exception 
of  one  or  two  cases,  in  whicij  very  larj:o  riuantitics  were  accident- 
ally taken,  no  evil  has  been  caused  by  it.  "  Tim  Lancct,^^  of  Nov. 
2G,  1870,  gives  an  account  of  a  patient  who  took  IGO  grains  of  the 
hv<b"at(^  of  chloral  without  any  uni)lca.«ant  conseciucnccs.  Dr.  .las. 
Ivodnian  reports  in  the  "ylr/jc/wVan  Pntctitioncr,^'  Oct.,  1870,  that 
270  grains  were  taken  witliout  any  otlier  alarming  symptom  than 
that  of  18  liours'  sleep;  and  in  another  case  the  enormous  quantity 
of -460  grains  was  taken  by  mistake  by  a  female  nurse  at  the  Phila- 
delphia Ilospital,  producing  clVects  resembling  these  of  an  over- 
dose of  opium.  She  was  supposed  to  have  taken  that  drug,  and 
was  treated  accordingly  ;  by  which  treatment  slie  completely  re- 
covered. 

Dr.  Penrose,  of  the  University  of  Pennsylvania,  had  a  patient 
who  took  210  grains  (in  divided  doses  in  the  space  of  two  hours,  i 
which  was  followed  by  7  hours'  sleep,  and  no  unpleasant  symptom 
except  headache  and  stupor,  which  lasted  several  hours  after  awak- 
ening. Ue  also  states  that  he  has  given  another  patient  from  5  to 
10  grains  nightly  for  a  year,  and  finds  that  the  lady  taking  it  is  as 
susceptible  to  its  sudorific  influence  now  as  when  she  began  to  use 
it,  not  requiring  any  increase  of  dose.  Xo  bad  efiect  has  been  ex- 
perienced in  this  case,  except  an  occasional  disposition  to  produce 
lachrymose  secretion  and  slight  obscurity  of  vision.  Tiiis  supera- 
bundant secretion  has  been  noticed  bv  others  who  have  used  it  for 
some  length  of  time. 

An  intelligent  lady  of  my  acquaintance  informed  me  that,  her  hus- 
band having  had  occasion  to  take  chloral,  she  noticed  it  caused  a 
profound  sleep  of  two  hours  duration.  His  respiration  was  some- 
times very  irregular,  ceasing  for  so  long  a  time  as  to  be  quite  alarm- 
ing. Occasionally  I  meet  with  persons  who  inform  me  that  this 
medicine  acts  as  a  stimulant  and  excitant,  tending  to  keep  them 
wakeful. 

So  far  as  I  am  able  to  learn,  only  one  death  has  been  ascribed  to  the 
use  of  chloral.     The  account  is  given  of  this  case  in  the  ^'■Medical 
Vol.  LXI.— Third  Series.— Xo.  5.— May,  1S71.  42 
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Times''  for  February  15,  1871.  A  woman  suffering  from  great 
mental  excitement,  almost  amounting  to  insanity,  took  180  grains 
in  doses  of  30  grains  each,  at  intervals  of  several  hours,  during  the 
period  of  three  days.  She  died  two  days  after  the  last  dose  was 
taken.  Dr.  Jas.  Tyson,  and  other  physicians  who  have  read  this 
report,  think  that  there  is  room  for  doubting  the  correctness  of  at- 
tributing the  death  of  the  patient  to  the  effect  of  chloral. 

According  to  Dr.  Liebreich,  one  fact  connected  with  its  thera- 
peutic action  worthy  of  attention  is,  that  it  possesses  the  peculiar 
and  valuable  property  of  neutralizing  the  poisonous  effects  of 
strychnia.  Another  singular  property  it  possesses  is,  that,  like 
"chloroform,  it  nauseates  birds  when  given  to  them. 

Doctors  Richardson  and  Liebreich  state  that  chloral  acts  first  on 
the  volitional  centres  of  the  cerebrum,  next  on  the  chord,  and 
lastly  on  the  heart. 

Hydrate  of  chloral  as  found  in  commerce  occurs  in  two  condi- 
tions. One  form  is  that  of  tabular  pieces  of  various  sizes,  having  a 
crystalline  structure,  which,  when  freshly  fractured,  presents  con- 
siderable resem.blance  to  spermaceti.  Another  form  is  that  of 
loose  acicular  crystals,  shining  and  transparent  when  recently  pre- 
pared, but  becoming  more  or  less  opaque  by  age,  even  when  kept 
in  tightly  stoppered  bottles,  I  think  this  change  is  probably  due 
to  the  action  of  light,  as  the  vapor  of  alcohol,  if  exposed  to  sun- 
light in  the  presence  of  chlorine  explodes,  accompanied  by  bright 
flashes  of  light.  Chloroform  is  also  partially  decomposed  by  light, 
chlorine  and  hydrochloric  acid  being  developed. 

Chloral  is  formed  by  passing  dry  chlorine  through  alcohol  until 
fumes  of  muriatic  acid  are  no  longer  given  off  and  the  spirit  has 
assumed  a  yellow  color.  This  liquid  is  heated  until  it  boils.  It 
is  then  mixed  with  three  times  its  bulk  of  sulphuric  acid  and  dis- 
tilled, and  finally  redistilled  over  quick-lime. 

Its  formation  appears  to  depend  upon  the  affinity  that  chlorine 
has  for  hydrogen,  the  former  gas  taking  it  from  alcohol,  and  being 
disengaged  during  the  process  as  hydrochloric  acid.  Alcohol  com- 
posed of  C^  Hg  O2  by  abstraction  of  two  equivalents  of  hydrogen, 
(which  takes  place  at  the  beginning  of  the  process,)  becomes  alde- 
hyd  C^  H4  O2,  As  the  chlorine  continues  to  pass,  it  takes  with  it 
three  more  equivalents  of  hydrogen,  leaving,  however,  three  of 
chlorine  in  their  place ;  the  aldehyd,  therefore,  is  decomposed,  and 
C^  CI3  HOo  remains,  which  is  chloral.     This  is  a  volatile,  pungent 
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liquid,  of  ncarlv  tli<i  Katnn  spccifln  p'ravity  as  rlilorolorm,  h<-iijg 
ir)()(),  that  <»r  cliloiornnii  I  100.  It  liaM  a  Htroiig  uditiily  for  wal'T, 
with  which  it  i-oiiiliiiK-s,  mikI  with  uti<;  c(|uivaU;nt  of  it,  forming  the 
hydtatt' Just  (ics<'iil)ctl.  1 1  also  foriiis  a  <:ry.stalliii«:  cofnpoiind  by 
the  aiKlitioii  of  an  ('(|uivaI<'Mt  of  alcohol,  which  rcsciiiblcs  th«  hy- 
tlrato  in  nppcarantMi,  ])ut  can  l>o  di.stiiiguiHhcd  from  it  by  being 
rnucli  less  solublo  in  water. 

('hloral,  even  wlien  confined  in  herinetrically  sealed  luijos.  after 
being  kc))t  for  sonic  time,  gradually  changes  into  a  solid  porcelain- 
like substance.  When  this  is  heatiMl,  however,  it  returns  to  the 
liquid  state,  and  is  of  the  same  composition  as  previous  to  the 
change. 

Pure  hydrate  itfcldoral,  according  to  I'r.  liieckher  does  not  take 
fire  when  heated  in  a  spoon  over  a  spirit  lamp,  but  evaporates 
without  residue.  Solution  of  nitrate  of  silver  should  not  be  ren- 
dered turbid  by  it,  thereby  showing  the  absence  of  uncombiued 
chlorine.  Nitric  acid,  cp.  gr.  120,  either  cold  or  hot  should  not 
produce  any  reaction  with  it.  I  find  that  it  is  readily  soluble, 
when  freshly  pre})ared,  in  its  own  weight  of  water.  After  keeping 
and  being  occasionally  exposed  to  the  air  it  becomes  less  soluble, 
and  sometimes  its  solution  remains  turbid  for  a  few  minutes  after 
being  made.  With  solution  of  subacetate  of  lead  a  dense  precipi- 
tate is  formed.  The  supernatant  liquid  becomes  densely  clouded 
upon  further  addition  of  the  subacetate. 

The  hydrate  is  readily  dissolved  by  alcohol,  ether,  oil  of  turpen- 
tine and  benzole.  It  is  also  soluble  in  bi-sulphide  of  carbon  and 
the  fixed  oils.  The  solution  in  the  latter  article  might  prove  an 
important  method  in  the  hands  of  the  physician  for  tapical  appli- 
cation, perhaps  available  in  neuralgia  and  gouty  affections.  I  find 
that  benzine  also  dissolves  it  slowly. 

When  hydrate  of  chloral  is  added  to  a  strong  solution  of  bi-chro- 
mate  of  potassa  and  heated  after  the  addition  of  a  few  drops  of 
nitric  acid,  the  olive-green  color  peculiar  to  the  alcoholic  test  is 
gradually  developed.  After  standing,  this  becomes  blue,  and  if 
liquid  ammonia  is  afterwards  added  in  large  excess,  it  assumes  a 
currant-red  color.  Chloroform  treated  in  the  same  manner,  pro- 
duces a  deep  orange,  retaining  this  color  even  after  the  ammonia 
has  been  added. 

As  an  evidence  of  the  growth  in  its  popularity  as  a  remedy,  I 
will  state  that  in  January,  1S70,  the  price  of  an  ounce  of  chloral 
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was  greater  than  that  of  a  pound  at  present,  and  that  the  last 
named  quantity  is  at  present  consumed  by  druggists  in  compound- 
ing physicians'  prescriptions  in  the  same  space  of  time  as  was  re- 
quired to  dispose  of  an  ounce  at  that  period. 

There  are  other  methods  for  preparing  chloral  than  that  referred 
to  in  this  communication.  I  would  merely  say  that  chlorine  act- 
ing upon  substances  capable  of  undergoing  the  alcoholic  fermenta- 
tion will  produce  it. 


ON  THE  USE  OF  HYDRAULIC  MORTAR. 

[Translated  from   "Die  hydraulischen  Mortel  "  of  Dr.  W.  Michaelis,  for  the 
Journal  of  the  Franklin  Institute.] 

By  Adolph  Ott. 

(Continued  from  page  285.) 

Manger  proposes  the  following  excellent  and  simple  experiment 
to  ascertain  the  comparative  quality  of  various  descriptions  of  sand. 
He  advises  to  form  small  heaps  of  sand  on  the  bottom  of  a  flat 
vessel,  to  pour  water  carefully  around  their  base,  and  then  to  ob- 
serve how  the  water  rises  in  the  heaps.  Is  the  surface  clean, 
the  water  will  rapidly  penetrate  the  sand  in  all  directions,  while  if 
it  contains  earthy  or  clayey  parts,  the  process  will  be  much  slower. 

Wherever  the  sand  at  the  disposal  of  the  builder  is  found  not  to 
be  sufficiently  clean,  it  has  to  be  washed ;  large  quantities  are  best 
cleaned  in  vessels  of  0™  '3  to  0™  -5,  in  lime  chests,  for  instance. 
The  sand  must  be  thoroughly  stirred  up  in  water,  and  the  latter 
then  be  rapidly  drawn  off,  to  be  replaced  by  clean  water,  which 
experiment  has  to  be  repeated  until  the  water  flowing  off  appears 
clean. 

Where  sea-sand  is  used  for  structures  above  the  water  level,  it 
must  be  carefully  washed,  in  order  to  remove  its  saline  parts,  which 
would  produce  a  strong  effervesence. 

All  admixtures  possessing  considerably  less  hardness  and  solidity 
than  quartz-sand,  which  soften  in  water,  or  become  soluble  in  it, 
must  be  strictly  avoided. 

Pulverized  glass,  brick-dust  and  other  substances  have  sometimes 
been  used  as  substitutes  for  sand.  Inasmuch  as  the  first  named  ma- 
terials possess  an  affinity  to  the  quick-lime  of  the  mortar,  they  may 
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sufoly  In",  irsortcil  to  where!  Hiiiid  ciiiiiiol  Im;  (>l)lriiti<Ml,  ir«: 

oonsidcrahio  liariliir^-^  .iml    sdlidiiv    i.i.iv  idiil  ili.-    !  ..f 

l)iiidvs  Imniud  hard 

\'aii  Ilrlriiuiit  and  Kiitdv id  already  knew  ihat  ^danM  in  iiul  alto- 
gether iiiac(;essil)lc  to  wet  eh(!ini(;al  agencies,  uiid  Schcele  showed 
ill  tlie  preface  to  Ids  work  "  The  Chemistry  of  Air  and  Fire,"  how 
eonsideral)I(!  an  iidliieiice  is  exercised  upon  glass  by  boiling  water. 
His  cxperiinciils,  however,  like  those  of  Lavoisier,  Chcvreul  and 
Burral,  wore  coidiiicd  to  the  iidluence  oi  this  agent  ui»'>n  tdass 
vessels. 

Taken  all  in  all,  this  inllueiice  is  only  very  minute.  Jiavoi.-iier 
shows,  for  instance,  that  after  an  uninterrupted  distillation  of  one 
and  the  same  volume  of  water  (which  always  flowed  back  into  the 
retort),  the  loss  of  the  vessel  after  lOO  days  was  not  quite  one 
gramme;  the  influence  of  cold  water  upon  compact  mas.ses  of  glass 
is  still  more  insigniiicant.  But  it  is  difl'crcnt  when  pulverized  glass 
is  exposed  to  the  action  of  water.  Pelouze  has  made  fin  185G(some 
highly  interesting  experiments  in  this  direction. 

Pelouze  asserts,  that  a  retort  of  the  capacity  of  oOO  C.  C,  iu 
whicli  water  is  boiled  for  five  days  uninterruptedly,  hardly  loses 
O'-''''-  '1  in  weight ;  but  if  the  neck  of  the  retort  is  broken  off,  pulver- 
ized and  exposed  to  the  influence  of  boiling  water  for  the  same 
length  of  time,  the  decomposition  of  the  glass  reaches  nearly  one- 
third  of  the  entire  quantity. 

On  the  other  hand,  the  same  vessel,  after  containing  water  for 
years  without  being  perceptibly  changed,  will,  when  pulverized, 
undergo  a  loss  of  from  2  to  3  per  cent,  by  dissolution,  when  ex- 
posed to  cold  water  only  for  a  few  minutes. 

All  glasses  which  form  articles  of  trade,  like  lookinsr-glass,  win- 
dow-glass,  bottles,  crystal  and  flint-glass,  decompose  gradually  when 
pulverized  and  exposed  to  the  air  by  absorbing  carbonic  acid ;  after 
a  short  lapse  of  time  they  effervesce  vividly  with  acids,  the  devel- 
opment of  carbonic  acid  becoming  so  great  that  one  might  be  in- 
duced to  believe  he  had  a  quantity  of  chalk  before  him. 

If  pulverized  glass  is  boiled  in  water,  and  carbonic  acid  intro- 
duced, this  gas  is  completely  absorbed  within  a  short  time. 

Griffith  showed  in  182(3  that  pulverized  glass  instantly  imparts 
a  blue  color  to  litmus-paper  and  tincture  :  a  proof  of  the  immediate 
decomposition  by  water. 

The  facility  of  decomposition  of  glass  by  water  alone  shows  that 
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pulverized  glass  forms  an  excellent  admixture  for  lime,  and  that 
hydraulic  mortar  can  be  made  with  glass  just  as  well  as  with  trass 
and  puozzolana.  This  has  been  proven  by  all  experiments  which 
we  have  made  with  pulverized  looking  or  window-glass. 

Moreover,  Fuchs  already  says,  that  common  glass  is  preferable 
to  pitch-stone  or  pumice  as  an  admixture  to  lime  ;  it  combines  but 
slowly,  it  is  true,  but  it  finally  gives  a  product  which  in  solidity 
almost  equals  marble. 

The  same  may  almost  be  said  of  brick  dust. 

All  descriptions  of  burned  clay  are  known  to  be  highly  effective 
puozzolanas.  Brick-dust,  however,  is  nothing  else  but  burned  clay 
with  a  greateror  smaller  admixture  of  sand,  which,  from  achemical 
point  of  view,  must  naturally  be  considered  as  inert. 

As  regards  the  quantity  of  sand  which  may  be  admixed  to  hy- 
draulic lime,  it  is  dependent  on  the  nature  of  the  lime  and  cement, 
and  on  the  object  immediately  in  view. 

It  is  impossible  to  lay  down  strict  rules  for  guidance  in  such  cases, 
especially  not  for  the  preparation  of  hydraulic  lime. 

In  all  cases,  an  experiment  must  be  resorted  to,  to  ascertain  what 
mixture  answers  best  for  the  object  to  be  attained. 

Portland-cement  may  be  mixed  with  three  to  four  times  its  quan- 
tity of  sand,  but  this  must  be  considered  the  extreme  limit  wherever 
it  is  intended  for  nse  in  solid  structures. 

Considering  that  the  intermediate  space  in  sand  amounts,  on  an 
average,  to  four-tenths  of  its  volume,  and  that  a  compact  solid  mor- 
tar can  only  be  obtained  if  every  grain  of  sand  is  imbedded  in  a 
certain  quantity  of  lime  or  cement,  an  admixture  of  three  times  the 
quantity  of  sand  to  one  volume  of  lime  or  cement  must  appear  to 
be  the  outside  figure.  Nevertheless,  cement  has  often  been  mixed 
with  a  greater  proportion  of  the  admixture. 

The  slower  the  process  of  setting  of  pure  cement,  and  the  greater 
solidity  it  is  capable  of  acquiring  in  itself,  the  greater  proportionate 
admixture  of  sand  it  may  be  subjected  to,  as  has  been  proven  by 
numerous  experiments. 

Professor  J.  Manger  says  that  b}^  the  mixture  of 

1  hectol.  cement  and  0  hcctol.  44  water — 0  hectol.  91  mortar  is  obtained 

1       "  "1  hectol.  sand  "    0      "       66      "     —1       "       83       " 

1       "  "2      "         "       "    0      "      88      '<     — 2      "       '78       " 

1       ii  "3      "         "       "    1       "       20      "     — 3      "       80       <' 
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IhTtul.  ri'iiiftit                          iiml  I)  litKitul.  'W  waU'r  |iru<lucn  I  hrct<«t.   <xi  tnorUr 
I  li.»l<i|.  *niiil    "     0       ••        '.'.fl       ••  ••  I       "         4H 

"  "         •-'       II       "        -80       "  '  .o 

:'.      I       ••        (u. 
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Tlio  con.sidcralilc  dilTiToncc  in  the  ubovostutcincDU  would  not,  in 
itself,  surprise  us,  as  wo  know  by  experience  that  the  quantity  of 
water  ro(iuircd  for  the  production  of  nonsislent  nn^rtar  d»-r 
a  great  measure,  on  ilic  peculiar  nature  of  the  c<Tncrit ;  !■ 
appears  indeed  remarkable  is,  that  in  the  series  of  investigations  by 
Becker,  the  pure  cement  rcijuires  one-half  more  water  than  is  .«et 
down  by  Manger  ;  while,  on  the  contrary,  liis  mixtures  with  sand 
show  a  smaller  quantity  of  water  than  appears  in  the  statement  of 
Pri)f.  Manger. 

In   fact,  the   figures  which  follow  below  show,  irrefutably,  tliat 
Becker  must  have  been  misled  in  his  experiments  with  pure  cement. 

If  wo  assume  that  100  parts  of  pulverized  cement  combinechem- 
ically  with  10  parts  of  water,  the  solid  mass  is  calculated  as  follows:* 

0  hoclol.  -Ul  mortar  of  the  sorie?  <>f  experiments  bv  Manger  ut  0  hertol.  '70 

"  "  "  ••  1        "         4-2 

"  •'  -2       "         13 

•J       ..       .tj3 

From  this  we  deduce  a  proportion  of  dengeness  of — 


1     • 

•83 

2       ' 

•78 

•S       ' 

•80 

6      ' 

01 

I  I  'I 
75^2 


100  :   70-9,  while,  accordini;  to  BecUor,  the  proportion  would  bo —  100 

100  :  721,       "  "       "^  "  •'  '•         —  iOJ 

100  :  730,       "  "  "  "  '•        —  HX) 

ICO  :  74-5,       "  "  "  '•  —  KM}  :  730 

ICO  :   71  t),       "  "  "  "  ■•         _  1(0  :  73-6 

If  we  leave  the  first  of  Becker's  experiments  out  of  the  question, 
as  it  undoubtedly  errs  in  the  figures  given,  we  find  that  the  dense- 
ness  of  cement  mortar  is  not  increased  by  the  admixture  of  sand  up 
to  three  times  its  quantity,  but  is  rather  somewhat  diminisbed.f 

*  One  hectolitre  pulverized  cement  weighs  121  •S  kilo.:  2o'0JkiIs.  areconscquentlr 
equal  to  0-23  hectolitres. 

f  "We  speak  here  of  admistiires  of  sand  within  the  limit  of  1  to  3  parts  sand  to  1 
part  cement;  because,  as  we  have  mentioned  before,  the  admixture  of  3  parts  sand 
must  be  considered  the  outside  limit  ;  if  a  greater  proportion  of  sand  is  added,  the 
denscness  of  the  mortar  will  invariably  be  reduced.  This  has  also  been  plainly 
proven  by  the  experiments  of  Manger. 
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Experience  has  universally  confirmed  this  proposition ;  we  only 
know  of  one  case  where  experiments  had  essentially  different  re- 
sults ;  this  was  at  Havre,  where,  since  the  construction  of  the  docks 
was  commenced,  numerous  experiments  have  been  made,  and  it  has 
been  found  (as  reported  by  Dulk)  that  a  mixture  of  one  part  of 
Portland- cement  of  White  &  Son  and  of  J.  F.  Knight,  with  two 
parts  of  sand,  produces  the  most  solid  and  the  densest  material. 

The  report  says :  Since  the  construction  of  the  dry  docks  has 
been  entered  upon  (towards  the  end  of  1858),  constant  experiments 
have  been  made  on  the  building-ground  to  ascertain  the  precise 
quality  of  Portland-cement  and  the  most  advisable  mixture,  as  it 
was  also  intended  to  make  use  of  this  material  for  the  preparation 
of  boton.*  From  each  ton  which  had  to  be  examined,  a  certain 
quantity  of  cement  was  taken,  mixed  in  diverse  smaller  parts  with 
various  quantities  of  sand,  and  the  mixtures  put  into  brick  forms. 
Each  one  of  these  was  carefully  marked  with  the  date  of  the  ex- 
periment, the  description  of  the  cement  used,  and  the  quantity  of 
sand  admixed.  Of  the  product  of  each  mixture  two  corresponding 
samples  were  kept,  of  which  one  was  exposed  to  the  air,  the  other 
to  the  influence  of  water  for  the  purpose  of  hardening.  After  a 
certain  lapse  of  time,  dependent  on  the  proportions  of  admixture 
and  the  degree  of  hardness  to  be  obtained,  the  cohesive  power  of  the 
samples,  formed  like  a  T,  was  first  tried  ;  then  their  comparative 
denseness  was  ascertained. 

Small  cylinders,  of  a- diameter  of  0'"  -10  to  0™  "15  in  height  were 
formed,  marked  and  numbered  like  the  other  samples,  always  two 
corresponding  samples  at  each  experiment,  one  of  which  was  imme- 
diately laid  under  water,  while  the  other  was  exposed  to  the  air. 

When  the  trial  was  made  after  a  certain  time,  each  cylinder  was 
screwed  in  between  two  brass  covers,  closing  so  hermetically  that 
no  water  could  possibly  penetrate  between  the  covers  and  the  cylin- 
der. The  upper  cover  had  a  hole  in  the  centre  into  which  a  lead 
pipe,  in  connection  with  a  higher  situated  water-reservoir  was  in- 
serted ;  each  one  of  the  cylinders  was  thus  subjected  to  the  pressure 
of  a  water  column  of  5"'-      Under  each  cylinder  a  tin  box  was 

.  *  As  the  pressure  of  the  water  is  very  great,  the  entire  construction  rests  on  a 
ibeton-layer,  which  has  a  thickness  of  3m  -58  in  the  middle,  where  only  Portland 
cement  has  been  used ;  this  material  has  likewise  been  exclusivel}'  used  at  those 
parts  which  are  mostly  exposed  to  the  pressure  of  the  waves,  while  at  other  parts 
ordinary  hjxlraulic  lime  was  taken. 
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plaofd,  into  wliicli  nil  iho  water  promcd  through  tiicir  »i(lc*  haJ  to 
lluw. 

ATlcM-  :i  «i>n.Hiiloruh)c  time,  th<;  wiitcr  wliioh  tiad  thuH  accumulated 
in  tho  till  hoxos  was  sopiiratoly  wcif/hcd,  ami  iho  comparalivo  pro- 
portion of  donsiMiosM  nsucrtaincd. 

Tho  result  of  all  thoHO  l«5.sts  nro  the  following: 

"  A  iiiixturo  of  one  part  of  l*ortlan(lcement  with  two  partMofitand 
produces  the  most  S(did  and  dense  mortar." 

This,  however,  is  so  entirely  contradict<jry  to  all  experience  that 
we  are  induced  to  believe  no  mixtures  with  other  material  but  Hand 
were  ever  tried  at  Havre,  and  that,  as  the  proportion  of  two  to  one 
was  the  lowest  quantity  of  sand  admixed,  it  proved  to  give  the  best 
material. 

(Tu  bo  continued.) 


PENNSYLVANIA'S  FOUNDATION  STONES. 

Lecture  dolivireil  befuro  the  Friiukliii  Institute,  Thursday,  Doc.  22il,  1870, 
]Jy  Phof.  Lkeu3. 

The  Position  of  Pennsylvania  in  the  Geological  Scale. 
A  CONTINENT  was  slowly  sinking  beneath  the  level  of  the  sea. 
It  was  carrying  down  with  it  the  fabric  of  an  ancient  world:  a 
world  of  which  we  know  but  the  little  that  can  be  gathered  from 
the  few  fragments  which  remain.  It  was  a  world  of  granites  and 
syenite,  diorite  and  basalt,  greenstone  and  porphyry — solid,  compact 
and  flinty.  It  was  a  world  of  wealth,  of  riches  incalculable,  but 
those  riches  were  so  locked  up  with  bolt  and  bar,  so  fastened  into 
tlie  unyielding  structure  of  the  rock,  so  combined  in  obdurate  com- 
pounds, tbat  no  strength  of  arm  or  even  the  chemist's  skill  could 
unlock  them.  It  was  a  world  of  strength.  Iron  was  there.  Lead, 
copper,  zinc,  tin,  were  there.  But,  if  mighty  furnaces,  that  tower 
to  the  skies,  and  tax  whole  provinces  for  fuel,  with  difficulty  ex- 
tract from  the  pure  ore  its  metal,  how  vain  would  be  all  man's  toil, 
how  hard  and  hopeless  his  lot,  if  nature  had  not  already  done  for 
him  the  work  of  extracting  these  ores  from  the  stony  matrix.  It 
was  a  world  blessed  with  food  and  fertilizers  of  every  kind.  Almost 
every  rock  had  potash  and  lime.  The  materials  for  plant  and 
flower  existed  there — but  hardly  to  be  recognized — as  stone. 
Enough,  too,  of  sulphur  and  phosphorus,  and  phosphoric  acid,  to 
make  all  the  nerve  and  fibre  that  plant  and  animal  shall  ever  need, 
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but  so  united  with  harder  stuff,  so  bound  down  with  metal  chains, 
that  it  would  seem  vain  to  hope  that  they  could  escape  from  bond- 
age and  rise  to  their  appointed  destiny. 

But  from  the  sea  new  life  is  born.  So  sang  the  Greek  poets,  and 
what  then  was  a  mere  myth  is  found  to  be  a  sober  truth  of  science. 
Time,  so  sang  the  Grecian  seer,  slew  the  god  that  in  the  beginning 
ruled  over  all  things,  named  Uranus.  He  put  an  end  to  the  heavens 
that  were,  to  the  order  of  things,  then  existing,  and  cast  their  rem- 
nants into  the  sea.  From  these  remains  sprang  Aphrodite,  whom 
the  Eomans,  with  their  coarse  and  more  brutal  intellects,  called 

Yenus the  goddess  that  typified  the  reproductive  and  fertilizing 

energies  of  the  earth.  Do  not  your  imaginations  recall  the  exqui- 
site picture — where  the  new-born  goddess,  with  dainty  arms  raised 
above  her  head,  and  golden  hair  sparkling  with  pearly  dew-drops, 
and  eyes  that  languish  love,  is  rising  from  the  sea,  her  tiny  foot  just 
poised  upon  the  crest  of  the  v/aters. 

The  first  continent  that  divided  the  waters  from  the  waters  was 
buried  again  in  the  sea,  and  from  its  ruins  sprang  all  that  ministers 
to  or  enjoys  life. 

I  doubt  if  anywhere  there  exists  at  the  present  time  a  relic  of  this 
antique  world  of  which  I  speak  ;  at  least,  none  whose  claim 
to  so  great  antiquity  cannot  reasonably  be  doubted.  I  think  that 
all  of  us  would  give  much  to  stand  upon  some  fragment  of  this 
world.  We  know  full  well  the  interest  with  which  we  wander 
among  the  ruins  of  some  ancient  city.  We  examine  curiously  the 
marks  of  shot  and  shell  which  chronicle  a  bombardment  of  com- 
paratively recent  years.  The  narrow  loop-holes  in  the  watch-tower 
and  the  massive  city  gates  carry  us  back  to  the  middle  ages.  A 
few  huge  stones,  that  two  thousand  years  have  not  been  able  to  pull 
asunder,  tell  of  the  massive  masonry  of  the  Eomans,  while  spears 
and  hatchets  of  copper  or  of  stone  which  have  been  dug  up  from 
beneath  the  soil,  transport  us  to  the  infancy  of  the  civilized  races. 
But  to  stand  on  a  spot  that  stood  above  the  waters  before  any  of 
these  existed,  before  even  the  first  beginnings  of  life  itself,  that  were 
worth  more  than  all— ^from  this  eminence  to  look  down  through  the 
long  ages,  and  behold  country  after  country  emerging  from  the 
deep,  new  forms  of  vegetable  structure  and  higher  types  of  animal 
life  make  their  appearance,  until  man  himself  appears  upon  the 
scene,  and  the  end  of  all  things  earthly  approaches. 

If  any  such  spot  exists,  it  is  to  be  found  on  the  American  conti- 
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iifiit,  and  follows  i1m>  im'sont  coupmo  of  ilii-  St,  Lawrence  riv«rr  and 
tho  boundai y  linu  which  Hoparatcs  Canada  from  the  Unit*-'  <••»•- 
Thero  wo  (hul  a  broad  haml  of  prirnitivo  rockn,  granite,  y 
onite,  hy{)or.sthcno  rock,  j)or|)ht>ry,  hibradorito,  Htrctcliing  lo  ihc 
nortlioast  until  it  terminates  uj)onllic  (toasts  of  Labrador,  and  to  the 
northwest  towards  the  Arctic  Ocean.  Some  few  outlying  tractn, 
such  as  the  triangular  area  included  between  Lake  Charnplain,  tho 
St.  Lawrcui'.c  and  Ljike  ( )ntario,  a  part  of  Wisconsin  and  Minnesota, 
the  Iron  Mountains  in  Missouri,  and  tlie  O/.ark  Mountain"^  «■  \  r- 
kansas,  may  po.ssibly  date  from  the  .same  remote  pcrio<i. 

It  is  full  of  mineral  wealth.  It  contains  quartz,  felspar  ol  many 
kinds,  hornblende,  pyro.xene,  cpidote,  mica,  crystallized  in  some  lo- 
calities in  plates  one  and  two  feet  square,  talc,  garnet,  tourmaline, 
scapolite,  wollastonite,  s}dicnc,  rutile,  grapliite,  apatite,  chondro- 
dite,  si)ine],  zircon  and  corundum,  and  iron  in  greater  abundance 
than  in  any  of  the  rocks  of  later  geological  age. 

I  say  that  it  is  to  be  doubted  whether  these  areas  belonged  to  the 
ancient  world — the  world  which  crystallized  out  of  the  fiery  mass 
of  which  I  have  spoken  in  my  last  lecture — for  these  Canadian 
rocks,  the  Laureutiun  Ilills,  as  they  are  called,  are  made  up  of  lay- 
ers, one  resting  upon  another.  Granite  succeeds  gneiss,  and  gneiss 
reposes  upon  schist  and  limestone.  Between  these  layers  are  other 
layers  of  iron  ore,  some  of  them  a  hundred  feet  and  upwards  in 
thickness,  which  are  banded  with  silicious  layers  and  chloritic 
schist,  showing  thereby  a  distinctly  stratified  character.  Through 
all  subsequent  ups  and  downs  of  fortune,  through  every  change  and 
mutation,  the  evidence  of  this  original  layer  condition  of  the  strata 
has  persisted,  and  may  be  recognized  over  great  areas  where  the 
layers  have  been  creased  and  twisted,  and  folded  one  upon  another, 
until  what  lias  originally  been  horizontal  has  become  vertical,  and 
what  was  once  the  upper  has  become  the  lower  surface  of  the  layers. 

There  are  some  who  see  in  these  rocks  the  results  of  igneous 
action — products "  of  the  furnace,  ashes  turned  out  from  the 
pit.  Says  Agassiz  :  "  It  may  be  asked  how  the  materials  for  those 
first  stratified  deposits  were  provided?  In  later  times,  when  an 
abundant  and  various  soil  covered  the  earth,  when  every  river 
brought  down  to  the  ocean,  not  only  its  yearly  tribute  of  mud  or 
clay  or  lime,  but  the  dtbris  of  animals  and  plants  that  lived  and  died 
in  its  waters  or  along  its  banks,  when  every  lake  and  pond  deposited 
at  its  bottom,  in  successive  layers,  the  lighter  or  heavier  materials 
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floating  in  its  waters  and  settling  gradually  beneatli  them,  the  pro- 
cess by  whicli  stratified  materials  are  collected  and  gradually  harden 
into  rock  is  more  easily  understood.  But  when  the  solid  surface  of 
the  rock  was  just  beginning  to  form,  it  would  seem  that  the  floating 
matter  in  the  sea  can  hardly  have  been  in  sufficient  quantity  to  form 
any  extensive  deposits.  No  doubt  there  was  some  abrasion  even 
of  that  first  crust ;  but  the  more  abundant  source  of  the  earliest 
stratification  is  to  be  found  in  the  submarine  volcanoes  that  poured 
their  liquid  streams  into  the  first  ocean.  At  what  rate  these  mate- 
rials would  be  distributed  and  precipitated  in  regular  strata  it  is 
impossible  to  determine,  but  that  volcanic  materials  were  so  depo- 
sited in  layers  is  evident  from  the  relative  position  of  the  earliest 
rocks."  There  are  "  innumerable  chimneys  perforating  the  Azoic 
beds,  narrow  outlets  of  Plutonic  rock,  protruding  through  the  ear- 
liest strata.  Not  only  are  such  funnels  filled  with  the  crystalline 
mass  of  granite  that  flowed  through  them  in  a  liquid  state,  but  it 
has  often  poured  over  their  sides,  mingling  with  the  stratified  beds 
around.  In  the  present  state  of  our  knowledge  we  can  explain 
such  appearances  only  by  supposing  that  the  heated  materials  within 
the  earth's  crust  poured  out  frequently,  meeting  little  resistance — 
that  they  then  scattered  and  were  precipitated  in  the  ocean  around, 
settling  in  successive  strata  at  its  bottom — that  through  such  strata 
the  heated  masses  within  continued  to  pour  again  and  again,  form- 
ing for  themselves  the  chimney-like  outlets  above  mentioned." 

The  great  objection  to  such  an  explanation  is  that  it  calls  for  the 
operation  of  forces  entirely  different  from  those  which  were  con- 
cerned in  the  making  of  other  rocks  precisely  analogous  in  their 
character.  As  we  shall  see,  later,  the  entire  thickness  of  the  rocks 
which  now  cover  the  United  States,  and  which,  along  the  line  of 
the  Appalachians,  amounts  to  the  stupendous  aggregate  of  7  miles, 
or  10,000  feet  more  than  the  height  of  the  tallest  mountain  now  ex- 
isting, was  deposited  quietly  at  the  bottom  of  the  sea.  I  do  not 
mean  that  a  sea  7  miles  deep  was  quietly  filled  up  until  the  entire 
surface  of  the  United  States  made  its  appearance  along  with  the  last 
layer  essential  to  its  completion.  Far  from  it.  These  7  miles  are  made 
up  in  the  main  of  hardened  mud,  consolidated  sand  and  compacted 
limestone,  alternating  one  with  another  in  beds  of  layers  which  vary 
in  thickness  from  a  few  inches  to  very  many  yards,  and  in  extent 
from  a  few  square  miles  to  the  dimensions  of  one  or  more  states. 
Now,  it  is  doubtful  whether  any  limestone  Is  deposited  on  a  bottom 
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deeper  lliaii  a  thousand  letjl  helow  llm  level  ofllie  sea,  or  nind  where 
tho  depth  exceeds  two  or  three  hundred  feet,  wljih;  Hiiudy  bcJM  were 
formed,  as  \\c  nuiy  h(so  any  day  for  ourHelves,  directly  upon  the 
shores  of  tlie  rivers  and  the  seas,  Sueh  tietlimrn/arj/  Wis,  ilh  they 
are  called,  may  be  trace*!  without  any  gulf  or  break  from  tho»o 
wliirli  are  being  formed  at  tlie  present  time,  and  which  arc  pre- 
serving in  themselves  the  bones  of  the  shipwrecked  mariner,  the 
spars  and  timbers  of  the  stranded  bark,  the  skeletons  of  plants  and 
animals  now  existing,  to  other  beds  which  entomb  tho  remains  of 
creatures  that  existed  just  prior  to  the  advent  of  tho  human  race. 
Beneath  the  last  arc  others  still  less  recent,  filled  with  huge  saurians, 
reptiles  that  dragged  their  horrid  slimy  length  through  shallow  seas, 
or  waged  desolating  war  upon  the  inhabitants  of  marshes.  Thence 
to  times  when  much  of  the  temperate  zone,  and  Pennsylvania  more 
particularly,  was  covered  with  a  magnificent  growth  of  club-mosses, 
equisetacea3,  and  gigantic  ferns.  And  even  after  we  have  arrived 
at  the  lowest  forms  of  animal  life,  and  find  in  the  sediments  mere 
molluscan  remains,  we  discover  in  the  nature  of  the  rocks  or  sedi- 
ments themselves  so  slight  a  clew,  that  there  is  no  problem  in  ge- 
ology more  difficult  or  more  warmly  mooted  as  to  which  sediments 
are  fossil-bearing,  and  those  which  are  destitute  of  all  organic  re- 
mains. There  is  an  area  which  begins  in  Pennsylvania  with  the 
Edge,  South  Valley  and  Conewango  Hills.  It  broadens  as  it 
stretches  southwards,  and  extends  from  a  point  to  the  east  of  Rich- 
mond until  it  reaches  the  base  of  the  Allegheny  Mountains.  It  in- 
cludes all  of  the  centre  and  western  partof  Xorth  Carolina,  the  hill 
country  of  South  Carolina  and  the  northern  part  of  Georgia  and 
Alabama.  Your  excursions  about  the  city  have  made  vou  familiar 
with  the  rocks  which  spread  over  this  immense  area.  They  are 
principally  gneiss,  or  gneissoid  in  their  character.  That  is,  they 
are  composed  of  quartz,  mica  and  feldspar,  arranged  in  layers.  This 
layer-like  arrangement,  let  me  say  more  particularly,  is  the  great 
characteristic,  the  minerals  varying  excessively.  For  sometimes 
the  quantity  of  quartz  or  feldspar,  and  more  especially  the  latter, 
is  very  small,  and  not  unfrequently  it  is  lacking  altogether.  Some- 
times the  quartz  is  milky  and  compact,  at  other  times  it  looks  like 
cracked  and  hardened  jelly.  The  feldspar  is  often  white  and  mealy, 
and  then  again  there  are  places  where  you  can  pick  it  out  in  large 
flesh-colored  slabs.  Black  mica,  transparent  mica,  mica  in  spangles 
mica  in  great  plates,  mica  scattered  through  the  quartz,  or  feldspar 
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and  mica  massed  together  in  beautiful  crystals,  all  of  these  varieties, 
and  more,  too,  can  be  found  in  the  region  of  which  I  have  spoken. 
I  do  not  attempt  to  exhibit  them  here,  because  it  would  be  as  un- 
satisfactory to  so  large  an  audience  to  have  their  attention  called  to 
things  which  can  only  be  seen  plainly  when  held  closely 'to  the  eye, 
as  it  would  be  to  devote  the  valuable  time  which  we  can  spend  to- 
gether to  these  minor  details.  But  a  stroll  through  our  beautiful 
Park,  and  an  examination  of  the  rocks  where  they  are  exposed 
along  the  banks  of  the  river,  will  give  you  an  hour's  pleasant  occu- 
pation, and  amply  confirm  all  that  I  have  said. 

When  your  summer  trips,  for  recreation  or  study,  shall  take  you 
to  the  extreme  southern  border  of  this  familiar  rock  province,  you 
will  be  delighted  to  recognize  in  the  romantic  valley  of  Asheville 
and  the  French  Broad  river,  and  through  the  gap  of  the  Swananoah, 
and  around  the  bases  of  Mount  Black,  Mount  Mitchell,  and  the 
eight  sister  peaks,  just  such  mica,  schists,  and  gneiss  as  you  have 
hammered  to  pieces  while  geologizing  in  Delaware  and  Chester 
counties. 

And  here  let  me  say  a  word  concerning  the  powerful  influence 
which  the  geology  of  a  country,  consciously  or  unconsciously,  may 
have  upon  our  home  associations.  The  trees  in  the  temperate  cli- 
mates, its  beeches,  oaks,  maples,  poplars,  willows,  pines  and  birches, 
are  pretty  nearly  the  same  the  world  over.  But  the  underlying 
rocks  are  very  different,  and  I  have  always  felt  a  great  step  nearer 
home,  even  though,  when  measured  by  the  road,  the  way  were 
longer,  when  I  stepped  off  the  fossil-bearing  rocks,  and  found  my- 
self treading  upon  granites  and  schists  and  quartz  rocks.  And  I 
distinctly  remember  with  what  pleasure,  after  fishing  for  weeks  in 
the  headwaters  of  the  Eoanoke  and  the  James  rivers,  I  left  the  great 
ledges  of  red  sandstone  belonging  to  the  Devonian  rocks  of  West 
Virginia,  and.  found  myself  looking  for  minerals  among  the  more 
home-like  micaceous  rocks  of  North  Carolina. 

These  gneiss  rocks  of  South-eastern  Pennsylvania,  and  the  gneiss 
country  stretching,  as  we  have  already  seen,  so  far  south-westward 
as  Alabama,  are  concealed  from  our  view,  as  we  go  to  the  north-east, 
for  a  distance  of  90  miles.  They  appear  to  have  been  depressed, 
probably  at  the  time  of  the  great  disturbances  which  occurred,  to- 
wards the  close  of  the  carboniferous  period,  over  the  whole  of 
Eastern  Pennsylvania,  and  probably  a  much  wider  area.  The  At- 
lantic Ocean  rushed  in  over  them,  and  their  place  was  occupied  by 
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II  ;.M(iif  y,n\\\  llm  only  vOfti^Off  of  which  nl  lii<    j.it-wjnl  tim':  .ir<-  i»<i.i. 
wari!  H;iy  ami  Um  hiuhor  of  Now  York. 

A  siiniliir  iiiinow  giilf  oxI(mi<1<!i1  from  Hornnwlicru  about  the  south' 
(III  Stiitc  liiK!  <»f  N<nv  Ilariipshirf!  ami  V'rrrnoiit,  Monthwnnl  throt^li 
Massachiisult.s  aiitl  (!()iiii<M:f.i<;ut,  occupying  in.-arly  one  half  iho  latter 
State,  and  vastly  tiiorn  tliaii  tlic  prosciit  valley  of  the  (.'onnccticut 
riv(M-. 

'riidsc!  ai(!as  were  slowly  liihjil  with  lagoons  ati<l  hayoim,  with 
marsh  and  morass,  nn<l  were  the  homes  of  the  most  ^rotCH^jue  and 
i'ormidahlc  moiistrrs  that  the  world  over  saw.  Where  now  the 
quiet-loving  inhabitants  of  Moorostown  and  Had'hjnfndd,  and  the 
busy  population  of  riuiMiixville  enjoy  the  mild  serenity  of  un- 
eventful lives,  li/ards  and  saurians  of  gigantic  dimensions,  some  of 
them  exceeding  40  feet  in  length,  ran  and  paddled  about. 

On  the  eastern  side  of  the  Hudson,  with  the  exception  of  the  gulf 
of  Connecticut  previously  mentioned,  these  gneiss  rocks  are  found 
once  more  upon  the  surface,  and  continue  on  througli  New  England 
and  Nova  Scotia  to  the  Gulf  of  St.  Lawrence. 

After  this  lengtliy  explanation,  we  must  return  to  our  argument, 
which,  as  you  will  remember,  was  intended  to  show  the  improba- 
bility of  the  supposition  that  the  similar  rocks  of  Canada  and  North- 
ern New  York  were  the  stratilied  deposits  of  submarine  volcanoes. 

For  it  is,  as  I  said  before,  with  the  greatest  difficulty  that  the  mi- 
caceous schists  of  Eastern  Pennsylvania  which  contain  no  relics  of 
animal  and  vegetable  life  can  be  separated  and  distinguished  from 
those  which  do.  And  the  same  remark  applies  to  the  rocks  of  New 
England,  and  even  of  those  rocks  in  Canada  whose  origin,  whether 
from  fire  or  from  water,  we  are  discussing. 

The  tendency  of  all  the  investigations  which  are  being  made  at 
the  present  time  is  to  lengthen  out  the  period  during  which  animals 
and  plants  have  existed  upon  the  face  of  the  globe,  and  to  include 
more  and  more  of  the  rocks  which  were  formerly  regarded  as  Azoic 
among  the  life-containing.  The  rocks  of  Canada,  and,  still  better, 
those  of  South-eastern  Pennsylvania,  afford  a  field  for  the  stndy  and 
settlement  of  this  extremely  interesting  question — a  better  field, 
perhaps,  than  the  rocks  of  any  other  portion  of  the  earth's  surface. 
The  first  great  step,  indeed,  towards  its  solution  was  made  through 
a  careful  scrutiny  and  a  more  critical  examination  than  heretofore 
of  the  Canadian  rocks,  the  rocks  which,  as  I  have  previously  said. 
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approacli  more  nearly  than  any  others  to  those  which  constituted 
the  first  formed  solid  crust  of  the  globe. 

They  are  divided  by  Sir  William  Logan,  the  Government  Geolo- 
gist of  Canada,  into  the  Laurentian  and  the  Huronian.  The 
former  derive  their  name  from  the  low  line  of  the  Laurentian 
Hills,  and  stretch,  as  I  have  previously  mentioned,  north-east- 
ward to  Labrador  and  north-westward  to  the  Arctic  Ocean. 
The  Huronian  include  only  a  narrow  band  on  the  borders  of  Lake 
Huron,  whence  their  name,  and  along  the  northern  shores  of  Lake 
Superior.  They  are  made  of  slates  full  of  flint,  of  schists,  massive 
quartz  rock,  limestones,  and  mixtures  or  conglomerates. 

Their  total  thickness,  according  to  Sir  William  Logan,  is  over 
12,000  feet.  If  we  add  to  these  the  Laurentian,  which  are  probably 
25,000  feet  in  thickness,  we  have  the  stupendous  aggregate  of  87,000 
feet,  or  nearly  as  great  a  thickness  of  sedimentary  rocks,  deposited, 
as  we  have  seen,  at  the  bottom  of  the  sea,  during  a  time  in  which 
no  life  existed  upon  the  globe,  as  of  sedimentary  rocks  deposited 
later,  at  a  time  when  it  did. 

And  if  we  are  to  accept  the  theory  of  their  igneous  origin,  we  are 
compelled  to  believe  in  this  enormous  ash-heap,  87,000  feet  in  thick- 
ness, thrown  out  upon  the  bottom  of  the  ocean.  Thrown  out,  too, 
mark  you,  not  only  where  we  can  see  them  as  we  do  in  Canada,  and 
as  some  have  believed,  in  Eastern  Pennsylvania  and  along  the  entire 
eastern  slope  of  the  Appalachians,  but  everywhere  forming  the  bot- 
tom of  all  the  seas  which  exist  at  the  present  time,  and  concealed 
beneath  the  surface  of  all  the  continents. 

Every  year  has  witnessed  some  advance  in  our  knowledge  of  the 
materials  that  make  up  the  crust  of  the  globe,  which  has  weakened 
the  probability  of  such  a  tremendous  activity  on  the  part  of  sub- 
marine volcanoes. 

In  the  first  place,  although  these  rocks  are  largely  made  up  of 
granites,  quartz,  marbles  and  other  stones,  which  in  some  cases  un- 
doubtedly arise  from  the  fiery  mass  filling  up  the  interior  of  the 
globe,  since  they  are  found  protruded  through  the  most  contorted 
cracks  and  dykes  and  fissures,  which  seem  to  split  right  down 
through  the  sedimentary  rocks  to  the  earth's  core,  yet  the  granites 
and  quartzes  alternate  with  mud,  rocks  and  compacted  sand.  And 
what  is  still  more  at  variance  with  the  supposition  that  these  gra- 
nites and  quartzes  of  the  Azoic  beds  are  furnace  products,  is  that 
the  quartz  and  feldspar  and  mica  which,  irregularly  mingled  to- 
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gcitliCr,  conslilulo  j^raiiito,  aHMUiiu!  iitorc  iinil  luoru  of  u  '  " 

iirraiiguinciil,  until  you  pri.sM  by  ntrps  mo  nuriicroiiH  aiuJ  ho i.,.ii 

you  cnnnot  N(![>ariitc  lliuin,  from  n  true  ^runitu  to  n  IruognciiM.  AikJ 
in  tlio  same  way,  I'voiu  a  hard  llir»ly  (|uart/  to  a  Knn«JMton<?,  which 
looks  as  though  inado  up  of  sand  dug  up  fr«iin  iIhj  sea  mIiopj.  And 
froMi  a  highly  iiiicaocous  schist  to  u  hardcMu.'d  mud  rook  or  hlalo, 
such  fts  is  now  forming  whon  every  obi)  tide  brings  down  from  the 
rich  fields  of  Uucks  county  some;  of  its  soil  and  th-positH  it  along  the 
shores  of  the  river. 

A  still  moro  striking  proof  of  the  watery  origin  of  these  hitherto 
so-culled  Azoic  beds  is  one  which  recently  came  under  my  notice. 
Vou  may  examine  the  matter  for  yourselves,  by  taking,  any  plea- 
sant afternoon,  a  quarter  of  an  hour's  ride  upon  the  Germantown 
Kailroad,  and  getting  out  at  Wayne  Station,  There  you  will  find, 
on  walking  a  few  rods,  until  you  arrive  at  the  point  where  Wayne 
street  cuts  through  a  low  hill,  a  most  remarkable  rock  formation. 
The  strata  have  been  folded  first  into  a  deep  trough,  and  then  the 
sides  and  top  of  the  trough  have  been  squeezed  together  and  folded 
one  upon  another,  and  finally  twisted  until  one  side  of  the  trough 
is  found  above  and  the  other  beneath.  So  much  for  the  curious 
phenomena,  whicli  I  have  examined  many  a  time,  and  always  with 
fresh  interest. 

(To  be  Continued. ) 


ON  THE   BALLOON   AS  AN   INSTRUMENT  IN   METEOROLOGICAL 

RESEARCH. 

(An  abstract  of  a  paper  read  before  the  Franklin  Institute.) 
By  John  Wise. 

In  the  study  of  meteorology  there  is  one  means  of  investigation 
which  is  capable  of  marvellous  development,  and  which,  as  yet,  has 
not  received  a  tithe  of  the  attention  of  which  it  is  worthy.  I  refer 
to  the  balloon.  Meteorology  has  as  yet  but  feeble  claims  to  the 
name  of  Science,  nor,  until  some  mode  of  research  is  devised  that  will 
bring  the  student  of  atmospheric  phenomena  into  closer  relation,  into 
more  direct  contact  with  the  problems  he  would  solve,  can  we  hope 
for  more  rapid  progress  than  we  make  at  present.  The  air-ship 
must  furnish  us  with  the  solution  of  the  problems,  at  which  we  can 
now  but  venture  to  guess — for  it  is  the  only  means  which  is  com- 
VoL.  LXI.— Third  Series.— Xo.  o.— Mat,  1871.  ii 
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petent  to  meet  the  imperative  wants  of  the  investigator  ;  it  alone  can 
bring  him  face  to  face  with,  and  in  the  very  midst  of  the  mysteries 
of  his  subject.  It  is  to  meteorology  what  the  water-ship  is  to  hy- 
drography, and  in  their  respective  departments  one  can  be  as  little 
dispensed  with  as  the  other.  The  little  that  we  know  of  the  subject 
serves  as  far  as  it  reaches  to  justify  the  comparison.  The  deep  sea 
soundings,  so  pregnant  withinterest  in  their  revelations  of  infusorial 
life  at  the  bottom  of  the  ocean,  have  been  met  with  the  deep  air 
soundings,  revealing  to  us  vegetable  myriads,  which  make  the  upper 
air  their  highway. 

Is  it  not  a  marvel  then  that  a  field  ripe  for  the  sickle  Avaited  so 
long,  and  waited  in  vain  for  the  harvester  ?  It  will  be  objected 
that  the  mode  of  investigation  is  a  dangerous  one ;  but,  with  the 
experience  of  many  years  to  warrant  the  assertion,  the  writer  feels 
safe  in  stating  that  this  opinion  is  wholly  erroneous.  It  has  its 
origin  partly  in  the  novelty  of  the  means  employed,  and  partly  in 
wilful  misrepresentation.  If  one  who  is  interested  in  the  subject 
will  take  the  trouble  to  institute  a  comparison  between  the  number 
of  recorded  air  voyages  and  the  accidents  incident  thereto,  a  result 
will  be  obtained  as  favorable  as  the  most  sanguine  admirer  could 
claim  for  ocean  travel.  As  an  extreme  instance,  the  following  may 
be  of  service  to  meet  the  objection  under  consideration.  The  writer 
has  circumstantial  accounts  of  thirteen  balloon  explosions  (in  two 
of  these  he  was  a  participator)  which  occurred  at  considerable  ele- 
vation— from  5000  to  15,000  feet — and  in  none  of  these  instances 
were  any  of  their  occupants  harmed.* 

*  On  the  11th  day  of  August,  1838,  the  writer  made  an  ascension  from  Easton, 
Pa.,  with  preparations  to  explode  his  balloon,  for  the  purpose  of  demonstrating 
that  an  exploded  balloon  would  form  a  parachute,  and  thus  descend  with  its  occu- 
pant without  serious  injury.  Accordingly,  when  an  altitude  of  about  13,000  feet 
was  attained,  the  balloon  became  fearfully  expanded — to  its  utmost  tension  ;  and, 
having  a  neck  tube  but  an  inch  diameter  for  the  lower  safety  valve,  the  gas  began 
to  issue  therefrom  with  considerable  noise.  The  exploding  cord  (an  invention  of 
the  writer)  being  tied  short,  had  also  become  tenselj'  stretched,  and  was  tending 
towards  a  rupture.  At  the  points  it  passed  through  the  top  of  the  balloon.  As  the 
ship  was  at  the  time  immediately  over  a  thundergust  raging  some  eight  or  ten 
thousand  feet  beneath,  it  was  with  considerable  trepidation  that  the  critical 
experiment  of  the  explosion  was  decided  upon.  Taking  out  his  watch,  twenty 
minutes  past  two  was  noted  on  the  log-book,  and  as  it  was  returned  to  its  fob,  the 
balloon  exploded.  The  gas  rushed  through  the  large  aperture,  ten  feet  long,  with 
a  tempestuous  noise,  and  in  ten  seconds  the  balloon  was  empty.  The  descent  was 
rapid  at  first,'but  the  ship  soon  came  to  a  uniform  velocity,  and  the  landing  was 
effected  safely  in  a  clover  field,  after  having  crossed  a  piece  of  wood  land  by  dis- 


Tlir  liiillnon  fit  (in  fnshmnrnt  in  Mrtfornhgicnl  fiesfarch.     'M7 

Tlic  liiw  of  uliiu>si»lieriu  rc.si.stHiiC!  in  us  invarialjl*:  an  that  of  at- 
niospliciic  buoyancy,  and  with  llio  large  cxpniiHc  of  material  prcHoiit 
in  ft  balloon,  and  tlic  vory  nature  of  itn  eoriHtruetiori,  it  \h  Hearcely 
eonceivftblu  that  in  fallin;^  it  hIiouM  ofler  ho  little  roHiHtanec  an  to 
descend  with  dostruclive  or  even  dangerous  .speed. 

Nor  is  the  shij),  even  under  such  unusual  cireurnstnuces,  unriian- 
ngoable.  So  far  as  the  writer  has  investigated  the  cause  of  acci- 
dents witli  balloons,  not  a  single  instance  was  foun<l  to  bo  a 
able  to  any  dangerous  element  peculiar  to,  or  connected  with  li 
of  jorial  navigation.  'JMie  water-ship  has  two  elements  with  whi<:h 
to  contend — the  water,  nearly  a  thousand  times  denser  than  air,  the 
winds,  with  the  velocity  at  times  of  an  hundred  miles  per  hour; 
these,  combined  with  tlie  immense  mast  leverage,  must  cause  ter- 
rific strain  upon  its  framework  wlien  in  the  grasp  of  tlie  storm. 

posing  of  balloet,  and  ilrifliiig  with  the   wind.     As  near  as  the  descent  could  bo 
timed,  it  occupied  four  and  a  half  minutes. 

Tlio  followiiiL;  ciiriouo  note  was  received  next  day.     The  writer  was  a  stranger. 

"  New  Village,  August  11th,  18;i8. 
"  Mr.  AVise,  Master  of  the  vErial  : 

"  I  iiereby  certify,  tliat  my  first  sight  of  your  nir-sliip  was  north  of  Henry  .Sny- 
der's ;  it  then  apparently  passed  not  far  from  William  Kinney's,  then  directly  be- 
tween the  inhabitants  of  New  Village  and  the  sun  ;  we  saw  the  gas  rushing  from 
the  balloon  like  the  steam  from  a  boiler ;  it  created  between  us  and  the  sun  the 
colors  of  the  rainbow,  and  it  was  some  time  before  we  got  a  second  sight,  when  you 
appeared  to  be  lowering.  As  the  size  of  the  balloon  became  larger,  we  could  dis- 
cover a  black  spot  underneath,  about  twenty  feet.  I  pursued  on  foot  until  I  saw 
you  alight  near  Thomas  Thatcher's. 

"  From  your  most  affectionate,  but  not  acquainted  friend, 

"WILLIAM  SHAIirS. 

"  N.  B.  and  others." 

In  the  month  of  October  following  the  writer  repeated  the  experiment  from  Piii- 
ladelphia.  It  was  publicly  announced  to  take  place  from  the  corner  of  Seventh 
and  Callowhill  streets.  Prof.  Mitchell,  of  Jefferson  Medical  College,  strongly  ad- 
vised the  omission  of  that  part  of  the  announcement,  but  the  author  mentioned  in 
reply  his  confidence  in  atmospheric  resistance,  and  his  determination  to  repeat  the 
experiment.  The  following  is  one  of  a  number  of  newspaper  notices  of  the  occur- 
rence : 

"Mr.  Wise,  the  leronaut,  made  a  successful  ascension  on  Monday  (October  1st, 
1838),  The  balloon  passed  over  the  Schuylkill,  and  Mr.  Wise  eventually  de- 
scended, according  to  his  promise,  by  letting  off  the  gas  gradually  [this  is  a  mis- 
take, it  was  let  off  suddenly,]  at  an  extreme  height,  by  means  of  a  cord  and  pulley, 
[there  was  no  pulley,  it  was  simply  a  cord  to  rip  the  balloon  with  at  its  top.]  he 
converted  the  balloon  into  a  parachute,  and  thus  came  down.  It  was  a  most  fearful 
undertaking,  and  was  anticipated  by  competent  scientific  authority  as  calculated 
to  carry  with  it  destruction  of  life." 
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Not  so  with  the  air-ship  ;  it  has  but  one  element  to  conquer,  and 
once  freely  suspended  in  the  ocean  of  air,  it  matters  not,  so  far  as 
its  capacity  to  withstand  a  strain  is  concerned,  whether  the  wind 
moves  at  the  rate  of  one  mile  or  one  hundred  miles  per  hour.  Even 
with  the  latter  velocity,  the  vessel  glides  along  so  smoothly  that  a 
cobweb  suspended  from  its  flagstaff  is  undisturbed  by  the  slightest 
ruffle.  "Were  it  not  for  the  fact  that  objects  on  the  earth  are  seen 
to  approach  and  to  recede,  it  would  be  impossible  to  detect  the  mo- 
tion of  the  ship,  with  such  marvellous  stability  and  quietude  is  even 
this  immense  velocity  accomplished. 

The  same  rules  which  apply  in  securing  safety  to  our  ordinary 
mode  of  voyaging  are  ample  in  the  method  under  consideration. 
The  accidents  which  occur  with  balloons  are  in  every  case  attri- 
butable either  to  deficient  construction  or  to  an  absence  of  ordinary 
skill  and  prudence  in  the  persons  operating  them.  It  is  a  deplorable 
fact  that,  with  rare  exceptions,  those  who  are  adepts  with  the  bal- 
loon are  not  scientific,  and  it  is  this  class  who  are  especially  fond  of 
relating  marvellous  accounts  of  their  physical  agonies — of  the  fan- 
tastic tricks  of  their  vessels,  and  their  hair-breadth  escapes.  Let 
me  hope  that  sufl&cient  has  been  said  and  accomplished  to  prove 
that  we  can  ascend  into  the  air,  into  the  cloud,  into  the  storm,  by 
day  or  by  night,  to  investigate  the  phenomena  of  the  atmosphere, 
without  incurring  the  accusation  of  being  reckless  if  we  but  turn 
our  eyes  of  yesterday,  when  high  officials  of  state  sail  from  be- 
leaguered cities  in  the  air-ship,  and  governments  use  them  as  mail 
route  agencies  to  distribute  their  daily  mails. 

To  the  Franklin  Institute  should  the  honor  be  assigned  of  estab- 
lishing a  Section  of  Meteorology,  to  explore  the  mysteries  of  the  at- 
mosphere with  the  aid  of  the  air- ship  and  suitable  apparatus.  The 
cost  of  construction  with  modern  facilities  has  ceased  to  be  a  draw- 
back, and  the  establishment  of  gas  works  has  greatly  lessened  the 
expense  and  inconvenience  of  inflation.  And  with  such  men  as  Dr. 
Wahl,  our  efficient  Secretary,  and  his  co-laborers  in  science,  to  un- 
dertake the  investigations,  and  with  an  experienced  air  navigator 
to  command  the  ship,  a  year  would  suffice  to  collect  a  series  of  facts 
which  might  go  far  toward  deciding  authoritatively  matters  which 
are  now  obscured  in  the  mists  of  doubt  and  uncertainty.  The  ser- 
vices of  the  writer — if  his  experience  is  deemed  of  avail — would  be 
most  cordially  offered. 

We  owe  such  a  course  of  investio-ation  to  the  age  in  which  we 
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live.  The  progruH.sivo  spirit  of  «oicnco  domantlH  cnrncHt  toil  from 
luT  (lis(-i[)l('s,  and  cail.s  for  f^iMioroiis  nourisliriUint  from  IriMtitutionN 
(tf  Ifiiniiii^,  and  iioiif  ar(^  Ix'tfcr  (iltc<l  to  nK-ct  lu-r  rlniftis  tlinn  the 
l"'iaiikliii  Iiislihitt'.'* 

Uiioc  |)ro|)i«rly  juit  in  luotioii,  it  would  in<L  l>c  loii;^  bclor-.-  ilion*; 
who  now  scout  the  iilea  of  crosaing  the  oceans  arxl  circumnavigating 
the  globo  witli  balloons  would  be  as  solicitouH  to  make  their  toura 
of  recreation  and  scientific  investigations  in  them  as  they  arc  now 
to  doubt  its  fcasibilitv. 


OBSERVATIONS  ON  SIEMENS'  UNIT. 

I?y  F.    KoHi.KAUscii.t 

The  universal  adoption  of  a  galvanic  unit  of  resistance  will  be 
decided  by  its  introduction  into  and  general  acceptance  in  tele- 
graphy; and  there  is  little  doubt  but  that  here  Siemens'  mercury  unit 
will  hold  possession  of  the  field.  The  benefits  accruing  to  scientific 
galvanometry  by  the  introduction  of  his  readily  comprehensible 
and  convenient  scale  of  resistance  has  received  general  acknow- 
ledgement and  praise.  It  may  therefore  be  regarded  as  meeting 
that  solution  of  the  question  of  resistance  which,  in  the  discussion 
of  the  subject  by  the  British  Association,  so  many  eminent  physi- 
cists regarded  as  desirable.  There  exists,  consequently,  in  the  inte- 
rests of  Physics,  the  pressing  need  of  fixing  with  all  possible  accu- 
racy the  relation  between  Siemens'  and  "Weber's  absolute  unit.  To 
the  last  mentioned  scientist  we  are  indebted  for  four  methods  of  de- 
termininsr  absolute  resistance  according:;  to  Ohm's  law.  Three 
of  these  methods  were  applied  by  Weber  himself,  while  the  fourth 
has  been  brought  into  use  bv  the  investigations  of  the  British  As- 
sociation,  instituted  to  determine  the  absolute  unit. 

The  first  method  consists  in  making  use  of  the  electro-motive 
force  induced  by  the  earth's  magnetism  in  a  conductor  in  motion, 
the  dimensions  of  which  are  given.     The  strength  of  the  current  is 

*  A  meteorological  section  has  for  some  time  been  organized  in  connection  with 
the  Institute,  and  has  been  very  warmly  supported.  The  object  which  the  author 
so  ab'y  advocates  may,  when  the  resources  of  the  section  have  grown  sufficiently 
to  warrant  the  undertaking,  be  practically  carried  into  execution. — w.  h.  w. 

t  From  the  Reports  of  the  Eoyal  Academy  of  Gottingen^  2^ovember  23d,  1870* 
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determined  by  the  deflections  of  a  small  magnetic  needle  of  known 
oscillating  capacity,  suspended  within  the  coils  of  a  galvonometer 
of  known  dimensions. 

In  the  second  method  a  galvanometer  is  employed  within  which 
a  larger  magnet  oscillates.  If  we  have  ascertained  the  time  of  os- 
cillation of  the  needle ;  if  likewise  by  observation  of  the  deflections 
of  another  needle  we  have  ascertained  the  relation  existing  between 
the  magnetism  of  the  needle  and  that  of  the  earth  ;  and  if  the  capa- 
city of  distribution  of  the  former  is  known,  it  is  evident  that  the 
electro-motive  force  created  in  it  by  the  needle  may  be  calculated, 
as  from  the  dimensions  of  the  galvanometer.  The  strength  of  the 
current  hereby  induced  may  be  estimated  by  the  observed  steadi- 
ness of  the  needle. 

The  third  method  demands  a  knowledge  of  the  coil  surface  of  an 
earth  inductor,  and  the  absolute  intensity  of  the  earth's  magnetism  ; 
and  an  astatic  needle  oscillating  between  close  coils  serves  as  a  gal- 
vanometer. 

In  the  last  method,  a  bobbin  of  known  dimensions  is  set  in  rapid 
and  uniform  motion,  and  the  deflection  of  a  needle  suspended  within, 
is  observed. 

Weber  has  used  the  first  and  second,  and  lately  the  third  method, 
to  determine  absolute  resistances.  The  last  has  been  brought  into 
use  by  the  standard  commission  of  the  British  Association.  Con- 
cerning this  fourth  method  the  following  may  be  added.  It  has, 
namely,  two  modifications  :  the  inductor  may  be  rotated  either  about 
a  horizontal  or  about  a  vertical  axis,  and  in  either  case  difficulties 
are  combined  with  the  attainment  of  a  rapid  and  uniform  rotation. 
In  the  first  case  the  relation  of  the  horizontal  to  the  vertical  com- 
ponent of  the  earth's  magnetism  must  be  ascertained  ;  in  th^  sec- 
ond, a  disturbing  inductive  effect  is  produced  by  the  magnetism  of 
the  needle,  which  must  be  artificially  eliminated.  The  last  method, 
the  rotation  of  the  inductor  about  a  vertical  axis,  is  the  one  adopted 
by  the  British  Association,  and  their  measurements  possess  greater 
simplicity  and  accuracy,  from  the  fact  that  the  process  is  indepen- 
dent of  a  knowledge  of  the  earth's  magnetism.  Other  defects  are, 
however,  very  perceptible,  and  as  the  question  arises  whether  and 

,  „        ,  ,  .  „   ,^^  ^      ,     earth's-quadrant 

m  how  lar  the  arranged  execution  ot    Weber  s  ^ — ^ 

°  second 

by  the  British  Association  is  a  solution  of  this  question,  it  will  be 

necessary  to  consider  the  subject  in  detail. 
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la  onlor,  hy  aitl  of  u  cw  «nicic'iit  of  tiorn-clKJii,  u>  uluu).' 
currents  inducctl  l»y  tin;  iiotMllo,  llio  ina;^in.'liHiii  of  llio  laf 
imulo  viTV  wotilc-  u  condition  wliitdi,  it  i.s  probablf,  lias  never  ex- 
isted in  similar  tests.  'I'lie  magnet  was  a  stool  bail,  of  a  diarnolor 
very  nearly  .S  millimetres,  and  u  mass  ihoreroro  of  about  'J  grfiix,, 
and  this  uid'avorably  shaped  mass  was  not  magneli/cd  to  huturation. 
In  fact,  a  rcforence  to  the  figures  stated  in  the  Keport  of  the  Britiitb 
Association*  will  prove  that  the  magnetism  of  the  ball  was  loss 
than  that  which  may  be  communicated  to  a  common  needle  weigh- 
ing 0"1  grins.  This  circumstance  will  e.\j)Iain  why  a  single  fibre 
olsillc  8  feet  in  length  was  necessary  in  order  to  reduce  the  torsion 
to  a  minimum.  To  this  tiny  magnet  was  united  a  mirror  uO  milli- 
metres in  diameter  on  a  metal  wire  0'2o  metres  in  length,  aflording 
therefore  a  surface  of  l-l  .sq.  centimetres  for  air-currents.  That  the 
moment  of  inertia  of  these  attachments  could  not  have  been  small, 
is  evident  from  the  fact  that  the  o.scillating  period  of  the  svstem 
was  more  than  7  .seconds,  while  that  of  the  needle  alone  would  Lave 
been  about  1*5  seconds. 

The  British  Association  Reports  give  us  only  average  values, 
deduced  from  many  observations  ;  we  are  therefore  deprived  of  the 
data  for  determining  any  irregularities  which  may  have  been  caused 
by  the  feeble  magnetism  of  the  needle.  But  even  these  results 
present  large  dilVerences. 

Thus  resistances  found  by  deflections  in  opposite  directions  diSer 
from  each  other  as  much  as  S  per  centum, f  which  is  equivalent  to 
an  inequality  of  20 — 80  divisions  of  scale  in  the  deflections  to  the 
right  and  left. 

The  intimation  of  Mr.  Jenkiu :}:  that  the  diflerenoes  originated  in 
an  unequal  or  one-sided  influence  of  the  fibre  is  not  admissible,  for 
a  torsion  of  such  considerable  influenee  in  a  fibre  of  such  length 
cannot  have  existed. 

The  mean  values  taken  by  pairs  reduce  the  difl:erences  to  1-rt  per 
centum,  but  they  still  premise  either  errors  of  adjustment  or  in 
readhig  off  the  scale,  to  account  for  their  presence. 

If,  therefore,  "we  find  such  irregularities  in  the  mean  values  of 
half-hourly  observations  (from  which  extraordinary  deviations  || 
have  even  been  excluded),  if,  further,  the  uniform  rotation  was  in 

*1863,  p.    172.     t  B.  A.  Rep.  18G4,  p.   350;  Pogg.  Ann.  CXXVI,  3S6. 
+  Pogg.  Ann.  CXXYI,  3S7 ;  |!  B.  A.  Rep.  1863,  p.  174. 
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all  respects  satisfactory;*  then  other  unknown,  but  iraportani 
sources  of  error  must  have  been  present ;  and  it  is  not  improbable 
that  they  are  to  be  sought  in  the  feeble  magnetism,  and  perhaps  the 
spherical  form,  of  the  magnet. 

Another  matter  is,  however,  to  be  considered.  Though  the  ex- 
periments were  carried  on  with  much  intelligence,  and  though  the 
theory  of  the  corrections  as  stated  is  a  model  of  completeness  and 
elegance,  one  point  is  not  at  all  approached.  The  stand  on  which 
the  inductor  rotated  consisted  of  "  strong  brass  frames,"  which,  as 
may  be  seen  from  the  drawings,t  formed  closed  circles.  We  are 
nowheres  told  whether  the  currents  induced  in  these  stable  portions 
of  the  apparatus  by  the  rotating  conductor  were  inconsiderable ; 
nor  are  we  told  why  they  were  assumed  to  be  so.  This  would,  it 
is  true,  be  most  difficult,  perhaps  impossible,  to  prove  by  actual 
experiment,  but  on  this  very  account  the  proximity  of  these  masses 
of  metal  is  calculated  to  awaken  distrust. 

'  I  will  mention  finally  an  objection  originating  with  W.  Siemens 
against  the  practice  of  deducing  from  the  length  of  the  wire,  the 
mean  diameter  of  the  coils.ij:  I  have  convinced  myself  that  with 
wires  whose  section  amounted  to  as  much  as  4  —  5  sq.  mm.,  the 
practice  is  entirely  reliable,  but  in  the  present  case  where  the  wire 
is  but  about  1  sq.  mm.,  I  dare  not  venture  an  opinion. 

From  a  compilation  of  their  separate  results]!  this  commission 
announces  a  probable  error  in  their  final  conclusion  of  0*08  per 
cent.  The  skill,  labor  and  care  which  would  detect  so  trifling  an 
error,  springing  from  pure  accidental  sources  deserves  the  fullest 
recognition,  but  the  unit  they  have  established  can  receive  no  ac- 
ceptance from  physicists,  until  the  absence  of  constant  sources  of 
error  has  been  proven.  To  this  end,  perhaps,  a  more  detailed  pub- 
lication of  the  methods  and  materials  of  their  observations  might 
be  of  service ;  and  this  is,  from  the  fundamental  character  of  their 
research,  much  to  be  desired.  As  it  is,  however,  the  labor  of  the 
commission  is  a  classical  one,  and  their  theoretical  and  practical 
observations  in  the  determination  of  absolute  resistance  are  of  the 
greatest  value  to  science.  . 

In  the  same  way  I  shall  next  endeavor  to  view  the  third  me- 
thod by  which  the  following  results  have  been  obtained,  as  regards 
its  difficulties.     A  quantitative  estimate  of  these  difficulties  seems, 

*  B.  A.  Rep.,  1863,  p.  120.     f  ibid.  p.  164. 

+  Fogg.  Ann.,  CXXVII.,  333. 

II  B.  A.  Rep.,  1864,  p.  350.    Fogg.  Ann.,  CXXVI,,  p.  386. 
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too,  not  out  of  placo,  iu  view  ol"  thu  lact  tliiit  cxiMlin;^  opiiiionn  con- 
cerning the  cxiu'-tnoMH  of  tibsolutc  roMiMtanco  toHU  widely  diner.''* 

Absolute  rosistanco  nmy  bo  d«;terininud  from  obMorvalion,  not 
regurding  co  efTificiits  of  corn.'ction  by  :iid  of  tlie  followirjg  for- 
mula:— 

b  S-  T-  /,  lo;^.  ii:it. 


w 


N^'lf 


I  will  assume  lliiit  tlic  errors  of  these  separate  magnitudes  have 
been  determined,  to  within  the  following  fraction  of  the  wiiolc 
magnitudes,  viz: — The  coil  surface  of  the  inductor  s,  to  within 
^ij'gg.  The  intensity  of  the  earth's  magnetism  to  within  .^'oo- 
Duration  of  oscillation  t  to  within  y^^^.  Moment  of  inertia  K  to 
within  7 ),  5 ;  and  that  the  deflections  on  the  scale  shall  be  correct  to 
within  0-2  mm.,  while  in  our  experiments  their  values  were  370 
and  225  mm.  The  error  then  of  a  single  observation  in  which  all 
tlie  single  values  should  add  up  most  unfavorably,  would  amount 
to  t  per  cent.  According  to  the  calculation  of  probabilities  the 
error  would  amount  to  ^  per  cent.  I  call  especial  attention  to  this 
possible  maximum,  since  according  to  my  results  the  B.  A.  unit  is 
almost  2  per  cent,  too  large. 

A  very  considerable  portion  of  the  above  mentioned  error  arises 
from  the  uncertainty  of  determining  the  intensity  of  the  earth's  mag- 
netism. From  this  it  follows  that  a  successful  determination  of  ab- 
solute resistance,  can  only  be  made  with  the  aid  of  the  most  per- 
fect instruments  for  measuring  intensity;  such,  for  instance,  as  those 
now  in  possession  of  this  University.  Where  these  aids  are  not  to 
be  had,  another  method,  for  example  the  first,  might  give  more  ac- 
curate results. 

With  reference  to  the  actual  execution  of  the  measurements  a 
few  points  deserve  mention  for  the  sake  of  accuracy. 

Two  sets  of  Siemens'  units,  each  of  4  units,  especially  made  for 
Dr.  Siemens'  were  at  hand.  The  resistance  of  the  circuit  (inductor 
and  galvanometer)  was  brought  to  nearly  the  same  amount.  Before 
and  after  every  absolute  test  the  last  was  compared  with  Siemens' 
units.  Especial  labor  was  bestowed  in  the  determination  of  the 
intensity  of  the  earth's  magnetism.     Two  determinations  of  this 

*  Fogg.  Ann  ,  CXIII.,  310-11. 
Vol.  LXI.— Thiri:  Series.— Xo.  5.  Mat,  1S71.  45 
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factor  made  during  tlie  progress  of  tlie  observations  (6  days),  after 
reducing  to  the  same  level  the  instruments  of  variaties,  gave  very- 
close  results,  the  difference  being  less  than  0*02  per  cent.  M.  Eiecke 
carried  out  the  observations  of  variations  during  the  measurement 
of  intensity  as  also  during  those  of  resistance. 

The  periods  of  time  were  measured  upon  the  clock  of  the  Uni- 
versity, the  weights  used  were  a  set  of  Fortius,  the  tests  of  length 
were  made  with  a  platinum  metre  in  possession  of  the  department 
of  engineering,  and  the  graduations  of  the  paper  scale  used  were 
subsequently  compared  with  each  other. 

The  comparisons  of  the  resistances  was  accomplished  by  simple 
branching  of  the  current  in  a  double  coiled  galvanometer ;  but  the 
currents  employed  were  not  as  usually  used,  hydro-electric,  but 
short  ones  induced  by  Weber's  magneto-inductor. 

The  employment  of  weak  induced  currents  effectually  prevented 
any  heating  effect :  and  the  alternation  of  the  direction  of  the  cur- 
rents eliminated  at  once  all  effects  of  any  possible  existing  thermo- 
electromotive  force.  On  account  of  the  slight  inequality  of  the 
resistances  to  be  compared  a  O'l  Siemens  was  interpolated. 

It  appears  to  me  to  be  indisputable  that  such  a  combination  of 
induced  currents,  with  methods  adapted  to  compare  resistances, 
must  offer  great  advantages  in  point  of  convenience  'as  well  as  in 
accuracy. 

As  a  proof  of  the  care  and  exactness  with  which  Siemens  units 
are  adjusted,  I  may  mention  that  the  two  latter  ones,  at  the  tempe- 
rature marked  upon  them,  should  have  a  proportion  1-00044.  From 
comparisons  with  a  third  set,  I  found  that  proportion  to  be  I'OOOoO, 
1-00046,  1-00055 

The  results  of  the  observations  consist  in  three  determinations 
of  Siemens  unit  according  to  absolute  measure.  It  was  found 
that — 

^  o-  1      n  n^T/^r  carth's  ouadraut 

1  Siemens  ==0-9705 -^— t 

second. 

1  Siemens' =0-9608 

1  Siemens' =  0-9713 

So  that  the  mean  value  of  the  Siemens'  unit  is  equal  to  0'9705 

^^^^^^^^^^,  or  equal  to  9705000000^^.     M.   Herman   Sie- 
second  ^  sec. 

mens  was  kind  enough  to  compare  the  Siemens'  with  the  B.  A. 

unit  (the  property  of  Dr.  Weber  and  Dr.  Brix),  the  result  was — 

1  B.  A.  unit  =  1-0493  Siemens ; 
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wliicli  valiK',  with   llir  ji(3(;«?.4sury  rrduclion,  iif^rccM  altnOMt  exactly 

....      ,     ,        M  1       i    ■•     «  .  /^lo.  cnrth'n  quadrant 

wilh  Mr.  .I.>iikiii;^  so  lliiil,  1    II.  A.   iiMil       1,0181  '     , 

j\.s  iiiijxnUuiL  a.'^  it  is  in  jdactical  tests  of  r«;sistunco  to  know  tlio 
ubsoliito  vulin?  of  llio  Siciiicii  unit,  so  great  also  in  the  meawurcincnt 
orcunents  is  tlio  neo«!.ssity  for  an  accurate  knowledge  of  the  con- 
stant introduced  by  M.  Weber,  the  electro-chemical  cfjuivalcnt  of 
water,  'i'his  permits  of  absolute  measurement  of  ciirrent.s  witli  the 
voltamctre,  but  is  only  exact  to  within  one  per  cent.  This  deter- 
mination was  likewise  undertaken  and  carriiul  out;  but  unfortu- 
nately the  toilsome  task  was  fruitless,  owing  to  the  local  influence 
exerted  by  a  brass  screw  in  the  daini)cr  of  the  tangent  instrument, 
which  was  not  noticed  until  too  late,  and  the  disturbance  created 
was  too  creat  to  be  eliminated. 


ON  A  METHOD  OF  FIXING,  PHOTOGRAPHING  AND  EXHIBITING  THE 
MAGNETIC  SPECTRA. 

By  Alfueo  M.  Mayek,  TilD. 

The  figures  produced  in  irou-filings,  when  the.se  are  set  in  mo- 
mentary vibration  on  a  surfiice  placed  over  a  magnet,  have  receiv- 
ed considerable  attention  from  natural  philosophers.  The  geomet- 
rical discussion  of  these  spectra  made  by  Lambert,  Roget  and 
others,  have  developed  their  symetrical  properties  and  thereby 
have  evolved  the  law*  of  that  action  which  emanates  from  the 
magnet.  De  Haldat  has  used  them  as  a  means  of  exploring  the 
distribution  and  intensity  of  the  effect  of  juxtaposed  magnets 
variously  arranged.  But,  above  all,  have  the  researches  of 
Faraday  and  "\Y.  Thomson  on  "  the  magnetic  field"  and  on  "  the 
lines  of  magnetic  force''  given  to  these  spectra — even  when  merely 
regarded  as  conventional  symbols — an  importance  which  has  been 
fally  shown,  especially  by  Faraday,  who  was  guided  by  their  con- 
sideration to  some  of  his  most  important  discoveries.  They  have 
thus  risen  to  so  high  a  theoretical  importance  that  a  method  which 
will  fix  them  without  danger  of  distortion,  photographically  repro- 

*Pogg.  Ann  ,  CXXVI.,  382. 

fSee  a  neat  "Demonstration  par  le  ealcul  des  courbes  magnetiques  de  la  loi  de 
r  inverse  du  carrg  de  !ii  distance,"  by  il.  Cellerier,  published  as  a  note  on  p.  -592, 
Vol.  I.,  of  De  la  Hive's  Traite  d'  Electricite. 
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duce  them,  and  readily  serve  to  exhibit  them  to  the  largest  audi- 
ences, will,  I  imagine,  be  acceptable  to  both  investigators  and 
lecturers. 

The  only  process  of  fixing  these  spectra,  known  to  me,  is  that 
practiced  by  De  Haldat  and  Faraday,  which,  however,  is  but  an 
application  to  the  magnetic  spectra  of  the  method  previously  in- 
vented by  Savart  for  preserving  the  Chladni  figures  of  vibrating 
plates.  In  this  process  the  spectra,  produced  in  the  usual  manner 
either  on  glass  or  card-board,  have  pressed  upon  them  a  sheet  of 
paper  coated  with  mucilage  to  which  the  filings  adhere.  In  this 
operation  of  the  transfer  many  particles  are  deranged  from  their 
positions  and  the  figures  are  yet  more  distorted  by  the  shrinkage  of 
the  wet  paper,  and  are  therefore  not  fit  to  serve  in  measures  of  pre- 
cision ;  while  the  impressions  cannot  be  exhibited  with  much  more 
facility  than  the  originals. 

My  process  is  as  follows :  a  clean  plate  of  thin  glass  is  coated 
with  a  firm  film  of  shellac,  by  flowing  over  it  a  solution  of  this 
substance  in  alcohol,*  in  the  same  manner  as  a  photographic  plate 
is  coated  with  collodion.  After  the  plate  has  remained  a  day  or 
two  in  a  dry  atmosphere  it  is  placed  over  the  magnet,  or  magnets, 
with  its  ends  resting  on  slips  of  wood,  so  that  the  under  surface  of 
the  plate  just  touches  the  magnet.  Fine  iron-filings,  produced  by 
"  draw-filing"  Norway  iron  which  has  been  repeatedly  annealed, 
are  now  sifted  uniformly  over  the  film  of  shellac  by  means  of  a 
fine  sieve.  The  spectrum  is  then  produced  on  vibrating  the  plate, 
by  letting  fall  vertically  upon  it,  at  different  points,  a  light  piece 
of  copper  wire.  The  plate  is  now  cautiously  lifted  vertically  off 
the  magnet  and  placed  on  the  end  of  a  cylinder  of  pasteboard, 
which  serves  as  a  support  in  bringing  it  quite  close  to  the  under 
surface  of  a  cast-iron  plate  (1  ft.  diam.,  J  in.  thick)  which  has  been 
heated  over  a  large  Bunsen  flame.  Thus  the  shellac  is  uniformly 
heated  and  the  iron  filings,  absorbing  the  radiation,  sink  into  the 
softened  film  and  are  "  fixed." 

I  generally  allow  the  heat  to  act  until  the  metallic  lustre  of  the 
filing  has  disappeared  by  sinking  into  the  shellac,  and  the  film  ap- 
pears quite  transparent.  This  degree  of  action  is  necessary  when 
photographic  prints  are  to  be  made  from  the  plate,  but  when  they 
are  to  be  used  as  lantern  slides  I  do  not  carry  the  heating  so  far. 

*  The  shellac  dissolved  in  strong  alcohol  is  allowed  to  stand  a  week  or  more, 
and  the  clear  supernatant  solution  is  then  decanted. 
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After  tlio  pliito  lias  rooJc'l,  it  is  ullowfrd  to  IhII  upon  itN  cndn,  on  a 
table,  so  that  any  filings  that  have  not  adh«!rc<l  may  be  rcrnovwl. 

A  short  experience  will  f^ivo  tho  prop<jr  strength  of  Mhcllac  hoIu- 
tion  to  obtain  a  (iirn  so  thick  VL^jxutt  to  be  nufjiricnl  to holl  the  fdinfjH^ 
and  tho  recjuisitc  nnionnt  of  heat  to  (irmly  cement  them  without 
injuring  the  transparency  of  the  lilm. 

Tho  plates  can  now  servo  (1)  fi^r  tli(;  most  accurate  measurcH 
upon  the  magnetic  field;  (2)  for  a  [(holographic  [lositivc,  which,  in 
tho  printing-frame  will  produce  tho  lines  in  white  upon  a  dark 
ground,  giving  most  beautiful  and  distinct  impressions;*  f3)  or,  if 
it  is  required  to  exhibit  these  figures  to  an  audience,  tho  plates  arc 
{provided  with  glass  covers,  kept  from  touching  the  spectra  by  in 
torvcniiig  slips  of  card-board,  and  there  result  "slides,"  in  every 
way  fit  for  giving  a  fine  exhibition  when  the  images  are  projected 
upon  a  screen.  I  have  thus  obtained  images,  clear  and  sharp,  of 
over  12  feet  in  diameter. 

By  this  process  many  plates  have  been  produced, f  showing  the 
action  of  single  magnets  of  various  forms,  and  of  juxtaposed  bars  ; 
as  well  as  the  effects  of  electric  currents  led  by  wires  through  holes 
drilled  in  the  plates.  Those  exhibiting  the  inductive  action  of 
magnets  on  bars  of  soft  iron  and  the  interaction  of  magnets  and 
electric  currents  are  peculiarly  interesting.  An  approximate  re- 
presentation of  the  resultant  line  of  the  terrestrial  magnetic  action 
has  been  obtained  by  magnetizing  equally  tempered  steel  discs  of 
from  2  to  3  inches,  and  even  more,  in  diameter.  The  magnetic 
axis,  or  axes,  of  these  discs  being  predetermined  by  making  them 
the  continuation  of  the  axes  of  powerful  electro-magnets  whose 
poles  are  conical  projections  with  slightly  rounded  apices.  The  arcs 
of  the  great  circles,  including  the  terrestrial  magnetic  poles,  having 
been  calculated,  the  axes  of  the  electro-magnets  are  inclined  at  that 
angle,  while  the  steel  disc  is  held  close  to  their  poles.  On  passing 
the  current  the  disc  is  magnetized,  and  we  have  an  approximate  re- 
presentation of  a  section  of  the  earth's  magnetic  eftect.  These 
results  when  viewed  as  photographic  prints,  or,  as  exhibited  by 
the  lantern,  are  as  beautiful  and  instructive  as  to  appear  to  me  to 
warrant  this  somewhat  formal  description  of  the  process  of  their 
production. 

^  Photographic  prints  from  a  series  of  eight  of  these  plates  I  have  presented  to 
Harvard  College,  American  Academy  of  Sciences,  Sheffield  Scientific  School,  Co- 
lumbia College,  Stevens  Institute  of  "Technology,  Hoboken  ;  Lehigh  University. 
Pa.;  American  Philosophical  Society,  Franklin  Institute,  Peabody  Institute,  Bal- 
timore ;  Smithsonian  Institute,  Chicago  Academy  of  Sciences,  and  to  the  Univer- 
sity of  Virginia,  where  they  can  be  examined  by  the  readers  of  this  paper. 

f  Many  of  these  are  16  inches  long  by  10  inches  wide. 
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Report  of  Committee  of  the  Trustees  of  the  Rensselaer  Polytechnic  In- 
stitute^ concerning  the  System  of  Instruction^  with  proposed  modifi- 
cations. 

In  obedience  to  a  peculiar  demand  of  American  civilization,  the 
minds  of  educators  have  been  largely  engrossed  the  past  ten  years 
with  the  subject  of  Technical  education,  in  connection  with  modern 
literature,  as  opposed  to  what  is  usually  comprehended  under  the 
term  of  a  strictly  "  classical  education." 

While  a  great  deal  can  bd  said  on  both  sides  as  to  the  mental 
training  given  in  each  system,  apart  from  any  material  considera- 
tions, there  is  no  question  that  the  advocates  of  the  ISTew  Education 
are  rapidly  gaining  ground,  as  shown  by  the  establishment  of  tech- 
nical schools  throughout  the  States,  either  independent  or  attached 
to  the  older  colleges.  The  pioneer  school  in  this  new  education,  as 
is  well  known,  is  the  Rennselaer  Polytechnic  Institute,  at  Troy, 
established  primarily  for  the  student  of  natural  science,  but  rapidly 
expanding  in  a  technical  direction,  it  has  become  the  leading  school 
in  this  country — a  proud  distinction  that  more  than  one  competitor 
is  endeavoring  to  wrest  from  it.  The  Troy  school,  with  no  endow- 
ment, has  won  its  position  through  exacting  the  highest  require- 
ments from  itsstudents,  and  combining  with  a  rigid  theoretical  in- 
struction a  large  amount  of  actual  practice.  It  has  struggled 
through  dif&culties  that  would  have  deterred  from  further  effort 
almost  every  other  institution,  and  it  is  to  the  credit  of  its  trustees 
and  faculty  that  they  have  brought  it  so  nearly  to  a  perfect  success. 

In  furtherance  of  the  desire  of  the  trustees  to  increase  the  useful- 
ness of  the  institution,  a  committee  from  their  number  was  appointed 
last  March  to  examine  into  the  present  course  of  instruction,  and 
report  if  it  were  desirable  to  modify  it  in  any  particulars,  in  order 
that  it  might  conform  to  the  most  advanced  state  of  Technical  Sci- 
ence. This  committee  (consisting  of  Messrs.  E.  Thompson  Gale, 
A.  L.  Holley  and  C.  E.  Button)  have  just  issued  their  report,  which 
is  certainly  one  of  the  most  valuable  contributions  to  the  cause  of 
technical  education  ever  published  in  this  country.  Without  re- 
stricting their  researches  to  the  opinions  of  professional  instructors 
in  various  portions  of  the  United  States,  they  have  obtained  ideas 
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iVoiii  tliosu  iiclimlly  »'ijgft;^«!il  in  |)i:i<;ti(;ul  life*.  '1'Ijomo  Icll<;rM  ar«; 
pljiced  ill  )in  iippLMidix,  hihI  mo  from  siicli  men  um  Mcmmm.  A.  S 
liowitt,  S.  iNf.  KiilUiii,  KoluirL  liri^L(H,  Win.  Sellers,  J.  Vaugljii  Mor- 
rick,  Gen.  McCIilIaii,  (im..!.  (i.  llarimrd,  &o.,  &c.  The  couscquciicc 
(if  tills  hiisiiicssliko  prcMifduri',  tlu;  ootmiiilleo  had  before  them  an 
aiuouiit  (if  valuable  opinion  based  upon  experience,  that  enabled 
tlu'ni  lo  point  out  the  wants  of  the  Institute  witli  a  confidence  iiJ  the 
result  obtainable  in  no  other  way. 

After  Homc  j)reliminary  remarks,  defining  the  position  of  tech- 
nical schools  (as  typified  in  the  Institute)  in  relation  to  the  needs  of 
young  men  after  graduation,  the  report  gives  an  outline  of  the  course 
of  instruction  adopted  in  foreign  technical  schools,  selecting  for 
illustration  that  of  "  Carlsruhe,"  noted  for  its  comprehensiveness. 
Until  government  thinks  it  to  be  a  duty  to  undertake  the  higher 
education  of  its  citizens,  it  is  impossible  for  any  school  in  this  coun- 
try to  attain  the  perfection  of  a  German  school.  In  Germany  edu- 
cation is  a  system,  one  school  depending  on  another — a  harmonious 
gradation  carrying  the  pupil  from  the  public  or  common  schools  up 
to  the  university  or  polytechnic  school — the  one  almost  purely  lite- 
rary, the  other  purely  scientic  or  technic. 

While  lamenting  that  we  never  in  this  country  can  attain  the 
educational  harmonv  of  Germany,  we  can  do  much  in  localities,  in 
so  far  as  local  governments  can  control  local  schools,  and  make 
tliem  to  be  operated  as  part  of  a  progressive  educational  system.  In 
this  view,  the  committee  have  recommended  in  their  report  that  the 
trustees  should  request  the  city  authorities  of  Troy  to  co-operate 
with  them  in  making  the  High  School  a  preparatory  school  for  the 
Institute,  as  well  as  being  as  it  is  now,  merely  a  preparatory  school 
for  college.  It  must  be  remembered  that  technical  schools  require 
as  much  preparation  in  the  student  as  do  colleges,  and  in  some  par- 
ticulars more.  It  is  impossible  for  a  technical  school  to  pay  that 
attention  to  literary  attainment  whicli  every  young  man  should  pos- 
sess to  a  certain  extent,  and  which  can  only  come  from  a  preparatory 
school  in  full  accord  with  the  higher  education  which  is  to  follow. 

To  touch  upon  all  the  topics  so  ably  discussed  in  this  report  would 
hardly  be  possible  in  a  brief  notice.  Careful  examination  is  be- 
stowed upon  all  the  leading  branches  of  a  scientific  education,  witli 
the  deductions  resulting  tberefrom.  Special  emphasis  is  given  to 
tlie  importance  of  more  than  text  book  instruction  on  steam  and  its 
appliances,  since  there  is  no  branch  of  tlie  engineer's  profession 
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where  steam  is  not  applied  in  some  shape  or  form.  Power  is  daily 
superseding  hand-labor,  and  it  is  one  of  the  tools  that  every  en- 
gineer must  work  with.  Although  the  civil  engineer  is  not  called 
upon  to  make  machinery,  he  daily  uses  it,  and  should  be  thoroughly 
acquainted  with  the  principles  that  govern  its  application.  A  staff 
of  non-resident  professors  is  recommended,  experts  in  some  spe- 
cialty of  engineering,  who  should  at  stated  times  deliver  one  or  more 
lectures  upon  such  points  of  practice  as  their  own  experience  would 
dictate,  and  which  it  is  impossible  for  the  regular  professor  having 
charge  of  the  course  to  cover.  That  the  recommendations  of  the 
committee  should  be  carried  out  there  is  no  question,  and  when  this 
is  done  it  must  result  in  keeping  the  Eensselaer  School  in  the  van 
of  progress  among  those  Institutions  devoted  to  Technical  Educa- 
tion. 

It  is  hoped  that  this  brief  notice  of  a  valuable  report  will  serve 
to  attract  the  attention  which  it  deserves  among  the  friends  of  the 
Institute,  as  well  as  all  those  interested  in  the  developments  of  the 
"  New  Education."  A.  p.  b. 


Elements  of  Machine  Construction  and  Drawing.  By  S.  B.  Warren, 
C.  E.,  Professor  of  Descriptive  Geometry,  etc.,  in  the  Eensselaer 
Polytechnic  Institute  of  Troy,  N.  Y. :  J.  Wiley  &  Son,  N.  Y ., 
1871. 

This  work  is  on  a  new  plan  and  enriched  by  many  examples  of 
present  engineering  practice  from  the  best  sources,  making  it  a 
helpful  book  to  the  student,  and  to  the  practical  man. 

The  kind  of  information  most  needed  and  prized  by  the  latter 
consists  of  well  proportioned  details  of  operative  mechanism  drawn 
to  a  scale  or  in  figured  outline  sketches,  accompanied  by  notes  on 
the  performance,  strength,  material,  fitness,  durability,  efficiency, 
&c.,  of  the  same. 

We  find  a  liberal  share  of  such  facts  in  the  book  before  us,  and 
are  glad  to  see  a  treatise  not  only  recognizing  the  connection  be- 
tween the  principles  of  mechanism  and  the  organs  themselves  pro- 
perly proportioned  for  transmission  of  power,  but  giving  abundant 
examples  from  modern  shop  practice  for  studies  in  lieu  of  the  oft- 
repeated,  ill-designed  pictures  of  the  old  philosophy  books. 

We  never  could  understand  why  good  practice  should  not  be  as- 
sociated and  studied  in  connection  with  right  principles  and  to  our 
practical  mind  the  perfect  working  machine  is  the  machine  con- 
structed on  sound  principles. 

Prof.  Warren's  classification  of  machines  on  the  mathematical 
basis  is  the  simplest  and  most  comprehensive  of  which  we  have 
knowledge,  and  believe  it  must  take  precedure  overall  other  efforts 
in  this  direction. 

This  treatise  is  amply  illustrated  by  woodcuts  in  the  textural 
part,  and  is  in  addition  supplied  with  an  atlas  of  folding  plates. 

J.  H.  c. 
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ITEMS  AND  NOVELTIES. 

Fire-proof  Safes. — At  the  last  raeetiug  of  the  FranhUn  Imli- 
iHte,  a  now  device  for  iucreasing  the  fire-proof  quality  of  safes,  and 
of  affording  additional  safety  to  papers  and  other  valuables  stored 
in  them,  was  exhibited.  The  improvement  which  is  claimed  is  ef- 
fected by  placing  water  in  copper  vessels  between  the  inner  walls 
of  the  safe  and  the  book-case  ;  so  that  when  exposed  to  fire,  steam 
is  generated,  in  which  act  a  large  share  of  the  heat  is  absorbed,  and 
the  contents  of  the  safe  protected  for  a  considerable  length  of  time 
from  the  effects  of  an  elevated  temperature.  The  vessels  are  her- 
metically sealed  with  a  fusible  solder,  which  melts  and  opens  the 
steam  valves  just  before  the  water  boils,  but  which  effectually  pre- 
vents evaporation,  keeping  the  safe  dry  till  the  fire  occurs.  Eeturn 
tubes,  ingeniously  arranged,  preserve  the  water  from  running  out,  in 
the  event  of  the  safe  falling  on  its  side  or  top  in  burning. 
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The  principle  here  relied  upon  to  increase  the  efficiency  of  safes, 
is  the  proj)erty"  which  water  more  than  all  other  bodies  possesses, 
of  absorbing  heat  in  the  act  of  becoming  steam.  The  action  of  the 
vessels  is  designed  to  be  that  the  steam  shall  convey  the  heat  from 
the  safe  as  rapidly  as  it  is  given  to  it ;  no  more  heat  being  left  to 
penetrate  through  the  water  vessels  than  is  needed  to  produce 
the  steam  capable  of  being  generated  by  it. 

Castella's  Air  Meter. — The  accompanying  illustration  repre- 
sents a  very  useful  and  compact  form  of  air-meter,  designed  and 
manufactured  by  Castella,  of  London,  the  object  of  which  is  to  give 
correct  means  of  measuring  the  velocity  of  currents  of  air  passing 
through  mines,  the  ventilating  spaces  of  buildings,  &c.  It  was  first 
constructed  for  Dr.  Parkes,  F.  R.  S.,  for  the  purpose  of  measuring 

the  state  of  ventila- 
tion in  one  of  the 
government  estab- 
lishments in  Eng- 
land, and  with  such 
good  results  that  it 
has  been  extensive- 
ly introduced  in  that 
country  and  else- 
where for  a  similar 
purpose.  One  of 
these  instruments, 
imported,  amongst 
other  things,  for  the 
Stevens  Institute  of  Technology,  was  exhibited  at  a  late  meeting  of 
the  Franldin  Institute^  and  elicited  general  admiration  for  its  ex- 
treme delicacy. 

The  graduations  for  each  instrument  are  obtained  by  actual  ex- 
periment by  means"of  machinery  made  for  the  purpose,  so  that  the 
indications  of  all  are  as  comiparable  with  each  other  as  the  weight 
or  measure  of  ordinary  substances. 

The  indications  are  shown  by  means  of  the  large  dial  and  hand 
and  five  smaller  ones,  as  shown  in  the  annexed  figure.  The  whole 
circumference  of  the  large  dial  is  divided  into  100  parts,  and  rep- 
resents the  number  of  feet  up  to  100  traversed  by  the  current  of 
air.  The  five  smaller  dials  are  each  divided  into  ten  parts  only, 
one  revolution  of  each  being  equal  to  ten  of  the  preceding  dial,  and 
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ivpros.Miliii.;  |()<K»,  1(1,000,  100,000,  1,000,000  arid  10,000,o<M»  n- 
spcctivcly.  I5y  luL'tiiis  nl'  lln'  hiv<^v  <li:il  the  low  velocity  of  fifty 
loot  per  iiiiiiiite  may  1)0  iiieasurc(|,  and  by  tiie  HiiiaileroneH  continu- 
ous registration  is  e\lc;ii(l(;d  up  l<>  l", 000,000  feet,  or  equal  to  1893 
miles;  being  practically  lu'yond  what  tlie  niost  extended  obscrva- 
lions  can  rc»piirc,  wliilst  jewelling  in  iIm,*  most  seiiHitivf  j»artH  in- 
sures tlio  utmost  delicacy  of  action. 

By  moving  the  small  catcli  <i  backwards  f^r  lorwards  the  work  is 
put  in  or  out  of  gear  witlioiit  alVcctibg  tlu^  action  of  the  fans  :  this 
prevents  the  injurious  elVect  of  stopping  them  suddenly,  and  ena- 
bles the  observer  to  begin  or  end  his  observations  to  a  second.  A 
small  liaudle  with  universal  joint  accompanies  the  in.strument,  and 
may  be  screwed  in  at  the  base;  by  i)utting  a  .stick  through  this,  it 
may  be  raised  or  lowered  to  any  re(pnrcd  height  an<l  used  in  any 
position. 

The  Nicaragua  Route.— The  pages  of  Col.  ( ).  W.  Childs'  Re- 
port ou  the  Survey  of  the  Nicaragua  Route  for  a  Ship  Canal  still 
remaining  unpublished  in  our  columns,  we  believe  to  be  of  such  a 
character  as  would  prove  uninteresting  to  our  readers,  and  the  fur- 
ther publication  of  the  report  will  therefore  be  discontinued.  What 
remains  consists  entirely  of  details,  mainly  tabulated,  of  earthwork, 
dams,  etc.,  with  estimates  of  the  co.st  of  the  separate  portions  of 
work.  As  the  whole  of  the  general  report  has  been  reproduced  in 
full,  together  with  the  cost  estimates  for  the  several  branches  of  the 
work,  and  of  the  total  expenses,  it  is  believed  that  as  much  of  the 
report  has  been  presented  to  our  engineering  readers  as  will  prove 
of  use  to  them  for  the  purpose  of  reference, 

A  Tunnel  under  Boston  Bay. — An  exchange  tells  us  that  a 
tunnel  is  projected  to  connect  East  Boston  with  Boston.  The  ex- 
pense is  estimated  at  82,000,000,  while  the  ferries,  which  are  free 
now,  cost  S100,000.  The  plans  have  been  made  with  two  tubes, 
each  with  an  inside  tube  of  twenty-one  feet,  and  to  accommodate 
horse  cars,  teams  and  pedestrians. 

Photometry  in  Rail  Making. — The  American  Gas  Light 
Journal  contains  a  short  item  which  is  quite  interesting  as  noting 
the  application  of  one  art  to  the  service  of  another,  where  not  the 
slightest  relation  would  have  been  suspected.  It  is  namely,  that  in 
the  rolling  mills  for  iron  rails  in  Russia,  a  form  of  photometer  is  in 
use  for  the  purpose  of  determining  the  exact  temperature  at  which 
the  rails  must  be  sawed  off,  in  order  that  their  lengths  shall  be  uni- 
form. 
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Gun-cotton  and  Gunpowder. — Our  English  cotemporaries 
record  some  interesting  results  of  experiments  conducted  at  the 
Koyal  Arsenal  at  "Woolwich,  in  order  to  decide  how  far  A-bel's 
compressed  gun-cotton,  which  has  recently  been  considerably  in- 
troduced in  the  military  service,  is  liable  to  explode  in  bulk,  by 
simple  ignition  ;  and  also  whether  or  not  the  explosion  or  ignition 
of  one  case  of  gun-cotton  would  cause  the  explosion  or  ignition  o^' 
neighboring  cases. 

The  only  experiment  we  have  space  to  record  is  that  which  fol- 
lows :  A  quantity  of  com^pressed  gun-cotton  vv^as  packed  in  wooden 
cases,  containing  28  pounds  each,  which,  as  regards  explosive 
power,  is  equivalent  to  about  112  pounds  of  gunpowder.  In  the 
first  instance,  one  of  these  28  pound  cases,  the  lid  of  which  was 
tightly  screwed  down,  was  ignited.  There  was  a  sudden  burst  of 
bright  flame,  which  opened  the  box  without  destroying  it,  and  with- 
out causing  anything  of  the  nature  of  an  explosion.  After  this, 
eight  cases,  each  containing  28  pounds  of  gun-cotton,  and  two  cases 
containing  each  28  pounds  of  damp  gun-cotton,  were  placed  on  the 
ground,  and  covered  and  surrounded  by  thirty-two  more  boxes, 
each  of  which  contained  a  quantity  of  sand  equal  in  weight  to  28 
pounds  of  gun-cotton.  The  object  was  to  imitate  as  nearly  as  pos- 
sible the  condition  of  things  in  a  magazine  of  gun-cotton,  where  a 
number  of  cases  would  be  piled  together,  and  one  of  them  might 
be  accidentally  fired.  The  ignition  of  one  box  caused  a  sudden 
rush  of  bright  flame,  which  penetrated  through  the  pile,  and  was  fol- 
lowed by  another  rush  of  flame,  due  to  the  ignition  of  the  contents 
of  another  box — without  any  explosion.  The  result  on  examina- 
tion proved  to  be  only  a  partial  disturbance  of  the  pile  on  one  side 
and  the  ignition  oY  the  contents  of  only  one  box  in  addition  to  the 
box  full  of  gun-cotton  purposely  ignited.  The  gun-cotton  in  the 
six  remaining  cases  had  not  been  ignited,  nor  had  the  damp  gun- 
cotton.  If  any  one  will  take  the  trouble  to  consider  what  would 
have  been  the  effect  of  exploding  a  barrel  of  gunpowder  in  the  midst 
of  seven  other  barrels  of  gunpowder,  closely  packed  and  built  up 
into  a  pile  with  other  barrels,  he  will  be  able  to  appreciate  the  ex- 
ceptional and  very  satisfactory  behavior  of  the  gun-cotton  in  this 
experiment. 

The  new  Caisson  of  tlie  East  Siver  Bridge. — To  prevent 
and  extinguish  fire,  which  under  the  high  pressure  of  air  almost 
proved  destructive  to  the  former  caisson,  the  new  one  has  been  pro- 
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viilt'il  uiih  .1  liiiiii;^  of  boiler  iron.  Am  ii  mouuikI  MafeguarJ,  :i  Mcri<;H 
"f  |)i|)(;sis  ilisiiihiiicd  through  tlio  Htriicturo  iti  niich  a  way  that  u 
lar^o  slrcMiM  ul'  watt-'r  can  In!  rca<lily  tnrinid  on. 

A  new  dunpcr  to  Ocean  Cables —A  recent  ami..ini(  .inent  m 

the  Suj)crinti'nilfii(,  nl'  Mm;  I  nt(;i  iialional  'J'elegraph  ( 'oinpaiiy  be- 
tween I'nnl.i  liosa  and  K«'y  West,  according  to  a  notice  in  the  Iron 
.I'/r,  has  j)hiced  anew  iteniupon  lliclistof  (hangers  lo  whicli  ocean 
eabk'S  niav  hi;  su1)J(m;I<m1  ;  ;ind  n'^iinsl,  which  siiif  ihlc  nnivi-idii  wIH 
have  lo  be  inadt\ 

The  cable  in  (|iiestion  hatl,  during  tiie  past  year,  been  ho  I're- 
qucntly  injurcil  or  broken,  that  a  careful  examination  was  decided 
upon,  tlio  result  of  which  was  to  the  efiect  that  the  damage  was  to 
be  ascribed  to  the  loggerhead  turtles,  wliich  are  abundant  in  those 
waters.  In  many  places  the  cable  presented  the  ajipcarance  of 
having  been  bitten  through;  and  in  others  of  having  been  crushed 
IVoni  both  sides,  until  it  had  becomes©  much  flattened  as  to  destroy 
its  conductivity.  The  conclusion  of  Col.  Ileiss,  the  superintendent, 
is  further  confirmed  by  the  fact  that  at  the  depths  where  the  breaks 
and  injuries  occur,  there  the  loggerheads  most  abound.  Our  co- 
temporary  remarks,  in  conclusion,  of  this  unforeseen  source  of  dan- 
ger, that  the  International  Company,  whose  line  has  been  so  badly 
chewed  up  by  the  turtles,  have  sent  an  order  to  New  York  for  a 
much  larger  and  stronger  cable,  and  when  it  is  laid  the  assailants 
will  have  something  more  substantial  tlian  the  present  steel-wound 
cable  upon  Avhich  to  whet  their  teeth. 

The  Census  Enumeration  of  1870.— From  the  recent  tables 
issued  by  the  Census  Bureau  at  Washington,  it  appears  that  the 
total  population  of  the  United  States  is  38,538,180,  showing  an  in- 
crease within  the  last  decade  of  7,094,859.  In 'relation  to  popula- 
tion, a  comparison  of  the  condition  of  the  various  sections  of  the 
country  with  the  enumeration  of  1860,  furnishes  some  instructive 
facts.  The  New  England  States  are  about  at  a  stand-still,  Xew 
Hampshire  and  Maine  even  showing  a  small  decrease.  The  Middle 
and  Southern  States  are  slowly  increasing,  while  the  great  increment 
hag  added  itself  to  the  Western  States  and  Territories.  The  fol- 
lowing tabulation  will  show  the  totals  for  both  enumerations: 

ISTO.  18C0.  G;n'n  pr.  ct. 

Total   of  Territories, 422,500  2-50,577 

"     "     States, 38,059,680  31,183,744  2M 

"     "     United  States, 38,538,180  31.433,321  22-6 
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The  Mass  of  the  Moon  determined  from  observation  of 
Tides,  "by  Wm.  Ferrel. — At  tlie  meeting  of  the  National  Academy 
of  Sciences,  on  the  19tli  of  April,  1871,  Mr.  Wm.  Ferrel,  of  the 
United  States  Coast  Survey,  gave  an  account  of  his  discussion  of 
tidal  observation  with  reference  to  determining  the  mass  of  the 
moon.  He  used  in  this  investigation  a  series  of  observations  made 
for  the  Coast  Survey  during  nineteen  years — a  full  lunar  cycle,  at 
Boston,  Mass.,  and  a  similar  series  of  observations  made  at  Brest, 
France,  from  1812  to  1831,  inclusive. 

Without  going  into  the  mathematical  form  of  the  investigation  it 
will  be  readily  seen  that  the  moon's  mass  must  be  mainly  inferred 
from  the  ratio  which  the  spring  and  neap  tides  bear  to  the  constant 
or  average  tides.  This  ratio,  however,  does  not  depend  entirely 
upon  the  moon's  mass,  but  varies  greatly  for  different  ports,  the 
heights  and  times  of  the  tide  being  modified  by  local  circumstances, 
and  consequently  the  tides  have  not  been  hitherto  considered  an 
available  means  for  determining  the  mass  of  the  moon. 

In  addition  to  the  constant  to  be  determined  by  observation,  in- 
troduced into  the  conditions  by  Laplace  for  determining  the  moon's 
mass,  Mr.  Ferrel  has  introduced  another  depending  upon  friction, 
rience,  there  being  three  unknown  quantities  to  be  determined,  in- 
cluding the  moon's  mass,  he  uses  the  condition  depending  upon  the 
moon's  parallax  in  addition  to  the  two  used  b}'' Laplace.  Without 
the  introduction  of  this  additional  constant  and  the  additional  con- 
dition for  eliminating  it,  Laplace's  conditions  for  the  determination 
of  the  moon's  mass  entirely  fail  when  applied  to  the  Boston  tides. 

Laplace  selected  Brest,  where  the  tide  has  a  direct  and  short  ap- 
proach from  deep  water,  and  neglecting  the  effect  of  friction  re- 
ferred to,  obtained  *  as  is  well  known,  the  value.  _  ,  ^,  „    in  terms  of 

the  earth's  mass  for  the  mass  of  the  moon.  At  Brest  the  ratio 
of  the  half-monthly  inequality  to  the  co-efficient  or  half-range 
of  the  constant  tide  is  about  '358,  that  of  the  constant  tide  being 
about  2"25  metres,  and  that  of  the  mean  spring  tides  being  about 
3*05  metres.  At  Boston  the  same  ratio  is  only  about  "14,  the  co- 
efficient of  the  constant  tide  being  4'91  feet,  and  that  of  the  mean 
spring  tide  5"58  feet.  From  data  so  widely  different,  Mr.  Ferrel 
has  deduced,  by  means  of  the  introduction  of  the  term  depending 
upon  friction,  two  values  exhibiting  a  remarkable  agreement,  viz., 

from   the  Brest    tides,  ^^  .,  ,     and   from    those    at  Boston,-  ^,,  ,,  ^ 
'  77-14  :  '  78-54  ■ 
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'riir.  luiiiu-i  v.ilui'  lia.-^  llio  ;j;i<'iilt;r  |iiul»:iliilily,  hh  miujiII  vari;ilion  in 
IIk5  ()1»s<'Ivo<I  liri^^'lit.  Iihm  a  iiiiicli  Icssi.'lVt'cl,  u\w\\  tin;  iiifiTHMl  value  of 
tli(!  moon's  mass  at,  lircsl.  than  al  IJoMton.  Tlio  must  prolmblfi  valiK; 
lliat  can  he  infcrird  IVom  Mi-.  I'lrrrl's  iliscnssion   M)ay  l)f!  takou  an 

I 
77-5 

Kor  comparison,  I lio dclcrminations  by  olln-r  m(;lli»j<ls  may  \n: <juo- 
t('<l.  Vwnn  the  observed  eoellicieiits  of  the  j)riii<;i[»al  term  of  lunar 
nnlation  by  dilVcreut  astronomers,  wo  have  the  corresponding 
masses  of  the  moon  : 

{,'<i-L'(lici(;iit  of  iiiitMliun.  Man. 

Rrinkley,     .  .         9-2o  ....         -,-,'., 

Peters,  !)-222 

From  the  following  observations  from  determinations  of  thclunar 
CO  cflicients  in  the  solar  tables,  we  have  the  corresponding  masscfj 
of  the  moon,  assuming  the  solar  parallax  c^ual  to  S"-8o. 

Co-efficiciit.  Mitia. 

Burckhardt,         .         .         6-80  .  7,>.^ 

Airy,  .  iV^Q  .         .         .         .         ,,', 

The  Misuse  of  a  Symbol. — Captain  William  Noble  has  com- 
municated a  note  upon  this  subject  to  the  Royal  Astronomical  So- 
ciety,* in  which  he  very  properly  records  his  protest  against  the 
very  common  misapplication  of  the  mark  ". 

The  legitimate  signification  of  this  symbol  is,  as  no  one  will  dis- 
pute, seconds  of  «rc,  but  in  numberless  papers  in  our  different  scien- 
tific journals,  it  is  used  indiscriminately  to  designate,  not  only  its 
proper  term,  but  seconds  of  time  and  inches  as  well.  That  this 
misuse  of  the  mark  in  question  may  readily  originate  ambiguity 
will  appear  from  the  following  extracts,  which  we  are  sure  anv  of 
our  readers  can  duplicate  nd  lihatum: — A  certain  observatorv  is 
stated  to  be  24"  E.  of  Greenwich,  while  as  a  matter  of  fact  it  is  24 
seconds  of  time  east  of  that  meridian,  and  not  1"6  seconds,  as  would 
follow  from  the  true  meaning  of  the  symbol.  It  is  very  com- 
mon to  speak  of  a  4''  lens,  meaning,'of  course,  a  lens  having  a  focal 
length  of  4  inches.  In  the  present  ambiguous  application  of  the 
symbol,  it  would  be  safe  to  assert  that  the  lens  in  question  sub- 
tended an  angle  of  4  seconds  of  arc,  and  that  the  observatorv  re- 
ferred to,  was  24  inches  east  of  Greenwich. 

*See  their  Xotices,  Yol.  XXXI.  p.  134. 
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The  proper  terms  expressing  the  examples  iustanced,  it  is  hardly 
necessary  to  add,  are  "  for  seconds  of  arc,  sec.  for  seconds  of 
time,  and  in.  for  inches. 

Employment  of  the  Spectroscope  to  determine  the  quan- 
tities of  substances. — The  use  of  the  spectroscope  to  detect  mi- 
nute traces  of  substances  has  been  the  most  glorious  achievement 
of  the  chemistry  of  the  last  decade  ;  perhaps  its  employment  to  de- 
termine minute  quantities  may  be  the  great  exploit  of  the  next.  As 
an  essay  in  this  direction,  maybe  noticed  the  interesting  contrivance 
of  K.  Yierordt,*  who  divides  the  movable  plate  of  the  slit  of  the 
spectroscope  into  an  upper  and  lower  half.  Each  half  is  provided 
with  a  micrometer  screw,  by  which  the  width  of  the  corresponding 
slit  can  be  accurately  measured.  If  the  upper  and  loAver  slit 
are  of  the  same  width,  the  two  spectra  are  of  equal  strength.  If, 
however,  a  transparent  colored  medium  be  brought  before-  the  up- 
per slit,  for  example,  a  tinted  glass,  a  thin  plate  of  any  colored 
body,  or  a  solution  of  a  colored  substance  in  a  tank  with  parallel 
sides,  we  have  two  spectra  of  different  intensities.  The  other  slit 
is  now  diminished  by  the  motion  of  the  micrometer  screw  until  the 
spectra  are  made  equal  in  strength,  and  by  comparison  the  amount 
of  this  motion  is  made  to  give  the  amount  of  coloring  matter  pre- 
sent. A.  R.  L. 

Solvent  for  Indigo. — The  extensive  employment  of  indigo 
makes  it  important  to  notice  some  new  solvents  which  V.  Warthaf 
has  recently  found  for  it.  In  the  first  place,  Venetian  turpentine, 
heated  to  the  point  of  ebullition,  dissolves  indigo  with  the  same 
blue  color  as  does  sulphuric  acid  or  aniline.  After  cooling,  mag- 
nificent copper-red  crystals  separate.  The  crystals  can  easily  be 
freed  from  the  solvent  by  ether  or  alcohol.  Boiling  paraffine  is  an 
equally  good  solvent.  A  somewhat  dilute  solution  of  indigo  in 
paraf&ne  can  with  difficulty  be  distinguished  from  alcoholic  solution 
of  fuchsine.  After  cooling,  the  separated  needles  can  be  cleaned 
with  benzol,  etc.  Petroleum  dissolves  indigo  with  carmine  red 
solution  ;  so  also  spermaceti  and  stearic  acid,  the  first  with  carmine 
violet,  the  last  with  blue  color.  A.  R.  l. 

Itacolumite. — A  specimen  of  this  rock  has  lately  come  to  our 
hands  from  jSTorth  Carolina,  which  seems  worthy  of  notice  from 
its  extreme  flexibility.     The  specimen  in  question  is   a  yqyj  com- 

■'^  Ber.  der  deutsch.  chem.  Gesell.  IV.,  No.  6,  p.  327. 
T  Ber.  der  deutsch.  Chem.  Gesell.  IV.  ISIo.  G. 
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|tin;|,  line  ;^;i;iiiiril  v;ilict_V,  in  wliicli  llic  lamiiiiiliuii  <;;iii  ulily  1m:  ilu 
t.cctotl  witlMliHicMlty.  'IMio  diineiiHions  are:  l«!nj,'tli,  7  inchc.-' :  \vi<illj, 
2  inches;  thickness,  \  inch.  Tiio  amount  jind  variety  of  its  mo- 
tions are  q\iitos»ir)»risin'.'.  Not  only  may  it  1)C  bent  in  the  plane  at 
light  anj^lcs  to  that  of  its  lamination,  but  in  the  i)Iun(!  of  lamination 
also;  and  il'ii  l<»rsit)ii;il  strain  is  applifMi  to  tJic  (tnds,  the  rod  obeys 
tlic  ]>r('ssiii'('  (|iiitc  jicri-cjilildy. 

The  Reversal  of  the  Sodium  Line.  -TIk*  ordinary  m..tho<l  ol 
reversing  the  sodium  line,  namely,  that  in  which  some  weakly  lu- 
minous sodium  vaj)or  is  brought  lietween  a  whitediot  body  and  the 
slit  of  the  spectroscope,  demands  tliat  the  white  light  shall  possess 
considerable  brilliancy,  in  order  that  the  sodium  vapor  shall  ab- 
sorb a  much  greater  quantity  of  light  than  it  emits,  and  the  sodium 
line  thus  possess  a  I'ceblcr  luminosity  than  th(*  neighboring  portions 
of  the  spectrum. 

It  is  to  be  expected  tiiat  this  reversal  will  take  place  I'ai'  more 
readily  if,  by  any  means,  the  brilliancy  ot"  those  portions  of  the 
spectrum  in  the  neighborhood  of  the  d  line  can  be  increa.sed  to  the 
same  extent  as  the  brilliancy  of  the  sodium  line  is  increased  by  the 
luminosity  of  the  sodium  vapor. 

According  to  A.  Weinhold,""'  this  c<jnditi(ni  ot  things  can  be 
bi'ought  about  in  the  following  simple  manner:  Place  before  the 
slit  of  a  small  spectroscope  (consisting  only  of  the  pierced  tube  with- 
out lens,  and  a  prism  of  good  dispersive  power)  a  small  petroleum 
lamp;  then  bring  an  alcohol  flame  strongly  charged  with  salt,  in  such 
a  manner  between  the  prism  and  the  eye  that  the  whole  spectrum 
shall  be  covered  by  it,  and  then  instantly  a  well  defined,  dark  so- 
dium line  makes  its  appearance :  while  the  same  alcohol  flame,  if 
placed  between  the  petroleum  lamp  and  the  slit,  produces  a  bright 
line. 

Artificial  Coloring  of  Wines. — The  methods  in  general  use 
for  the  detection  of  the  artificial  treatment  of  wines,  to  counterfeit 
those  of  better  quality,  are  so  universally  unreliable  that  the  men- 
tion of  a  recent  method  proposed  by  T.  L.  Phipson,t  which  seems 
worthy  of  recommendation,  may  prove  of  interest.    The  chemist  in 
question  proposes  to  examine  the  wine  spectroscopically.     It  is  de- 
clared that  the  natural  coloring  matters  of  wines  produce  no  definite 
absorption  bands,  but  only  a  very  general  absorption  of  the  spec- 
-■  Pogff.  Ann.,  CXLTI.,  321. 
f  Chem.  News,  XX,  229. 
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trum,  which  is  greatest  towards  the  violet  end  of  the  spectrum  • 
while,  on  the  contrary,  the  coloring  matter  of  Brazil-wood,  &c., 
generally  used  in  this  counterfeiting  process,  produce  very  decided 
and  easily  recognizable  absorption  bands.  The  method  of  testing 
which  he  recommends  is  to  add  water,  if  the  wine  is  too  dark,  until 
it  is  sufficiently  transparent,  and  then  to  examine  it;  and  states  that 
every  wine  is  to  be  regarded  as  suspicious  in  which  the  least  sign 
of  an  absorption-band  appears. 

A.  Facceu  '-^  has  given  another  method  with  the  same  object  in 
view,  which  consists  in  treating  the  wine  with  an  equal  weight  of 
coarsely-powdered  black  oxide  of  manganese,  and  stirring  the  mix- 
ture for  about  ^th  hour.  It  is  asserted  that  wines  with  natural  co- 
loring matters  will  be  completely  discolored,  while  those  which  are 
artificially  colored  always  remain  more  or  less  colored  after  filtra- 
tion. It  is,  however,  to  be  mentioned,  that  the  efficiency  of  this 
latter  method  has  been  denied.    The  first  may  prove  of  great  value. 

The  Nitro- Chromic  Battery  Elnid. — Its  practical  working. — 
The  accompanying  letter  in  relation  to  this  subject  may  prove  of 

interest : 

Office  Sitperintendent  Fire  Alarm  Telegraphy 
New  Yorh,  August  11th,  1870. 

W.  GooLD  Levison,  Esq. :  Dear  Sir — You  will  probably  re- 
member that  in  the  latter  part  of  June  or  early  part  of  July,  1869, 
you  described  to  me  a  battery  you  were  then  experimenting  upon, 
which  seemed  to  me  to  be  part  Grove  and  part  Blectropoion.  Since 
that  time  I  have  been  so  very  busy  that  the  matter  passed  from  my 
mind. 

It  gives  me  pleasure  to  say  that  since  our  late  conversation, 
which  revived  clearly  your  former  explanation,  I  have  tested  the 
battery,  and,  following  your  directions  strictly,  have,  to  my  sur- 
prise, developed  an  indestructible  local  battery. 

On  the  first  day  of  the  present  month  I  put  up  your  battery,  viz., 
filled  up  the  porous  cup  around  the  coke  with  bichromate  of  potash, 
filling  up  with  nitric  acid,  then  in  the  glass  jar,  a  solution  of  sul- 
phuric acid  1  to  10.  At  the  same  time  I  put  up  the  same  number 
of  cups  (fi-ve)  of  the  electropoion  battery. 

Testing  each  battery  through  galvanometer  with  38  miles  of  re- 
sistance, I  found  that  each  marked  40°.     I  then  placed  3  cups  of 
your  battery  in  service  (working  two  machines),  and  2  cups  short 
'■'='  Fresenius  Zeitsch,  IX,  121. 
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cirtuiiLctl,  willi  «i\  iiJohu.s  «»l  wire.  'I'ljost;  Hiiuui iicd  htj  lor  2U  litjur»; 
iil'lor  wliicli  till)  'i  (Mips  showed  26'  and  tlic'icupri  U)'  UirnU'jh  aume 
rcsiiUincf.  1  llicii  r)r  lliu  Huinc  Icriglli  «»!'  lime,  placed  lliu  electro- 
poion  IkiUimv,  ii  nips  in  service  nnd  2  short  circuited,  and  my  icslH 
then  showed  the  elee,  li  cups  to  be  2.'i  '  and  the  two  cups  l»KAI>,  The 
new  battery,  on  being  tested  at  this  time,  showed  3  cup«  thirli/  <le- 
^^Tces,  2  cups  KlFTEKN  (Ic^rccs. 

I  have  this  afternoon  found  the  ij  cups  eleciropoion  dkai>,  while 
the  netv  battery  is  in  such  good  condition  that  1  havcput  the  3  cups 
in  service  again,  and  the  2  cups  on  short  circuit.  That  the  tests 
should  be  as  perfect  as  jKxssible,  I  directed  that  neitljcr  should  be 
renewed  or  aided  in  any  manner.  When  I  shall  have  succec<Jed  in 
killing  the  two  cups,  I  will  send  you  word.  'I'o  my  further  sur- 
prise, the  neiv  battery  shows  the  cokes,  for  full  two  inches  below  the 
clamp  connection,  to  be  perfectly  dry,  and  not  a  sign  of  formation 
of  chrome  alum,  while  in  the  electropoiou  battery  the  cokes  became 
saturated  before  the  lirst  test  was  made,  and  now  Ijave  a  large  de- 
posit of  chrome  alum  on  the  clamp  connections. 

I  propose  to  make  some  very  close  and  severe  tests,  the  result  of 
which  I  will  communicate. 

It  affords  mc  great  pleasure  to  lay  before  you  the  foregoing  facts, 
and  also  to  congratulate  you  upon  the  discovery  of  a  local  lattery. 
which,  for  its  great  endurance,  steadiness  of  action  and  economy, 
must  soon  be  universally  adopted.     I  am  very  truly  yours, 

Charles  L.  Chapin, 

Sup't  F.  A.  Telegraph 

Solid  Bi-Sulphide  of  Carbon. — A  curious  process  of  bringing 
about  the  congelation  of  a  number  of  volatile  compounds,  and  which 
appears  to  have  the  fortune  of  being  periodically  re-discovered  and 
announced,  is  that  of  blowing  upon  them  a  jet  of  air.  Treated  in 
this  way,  bi-sulphide  of  carbon,  chloroform,  iodide  of  ethyl,  and 
other  volatile  liquids,  may  be  rapidly  evaporated,  but  where  the 
blast  of  air  parts  the  surface,  a  floculent,  snow-like  solid  makes  its 
appearance,  and  finally  remains  behind  in  the  vessel. 

The  temperature  daring  the  process  of  evaporation  sinks  very 
rapidly,  the  bulb  of  the  thermometer  coating  itself  with  the  solidified 
substances,  and  a  cold  of  — 10^  to  — 12-  C.  can  be  readily  produced. 
The  solid  thus  obtainp.d  slowly  liquifies,  retaining  all  the  while  a 
temperature  much  below  the  freezing  point  of  water. 

The  nature  of  the  body  thus  obtained  is  a  question  still  in  dis- 
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pute.  Taking  the  bi-sulphide  of  carbon  as  the  example,  it  is  found 
that  the  solid  obtained  from  its  evaporation  in  the  air  always  con- 
tains a  quantity  of  water,  this  quantity  is,  however,  not  a  constant 
one,  but  varies  from  5  to  30  per  cent.  The  questions  in  dispute  are 
now  :  is  the  solid  obtained  essentially  frozen  bi-sulphide  of  carbon, 
in  which  some  condensed  and  frozen  water  is  mechanically  sus- 
pended ;  is  it  a  solid  hydrate  of  the  bi-sulphide  ;  or,  lastly,  is  the  solid 
simply  frozen  water  in  which  is  suspended  minutely  divided  parti- 
cles of  the  liquid  bi-sulphide,  which  by  rapid  evaporation  cause  the 
low  temperature  ? 

The  question  is  not  one  so  easily  decided  ;  seeing  that  solid  bi- 
sulphide of  carbon  can  readily  be  produced  free  from  water  with 
the  aid  of  the  air-pump.  Some  of  the  objections,  too,  which  are 
urged  against  the  proposition  to  term  the  substance  solid  bi-sulphide, 
may  be  urged  with  equal  propriety  against  the  solid  carbonic  acid, 
which  is  formed,  as  is  well  known,  by  allowing  the  gas  liquified 
under  powerful  pressure  to  stream  through  the  air  into  an  appro- 
priate reservoir.  The  solid  carbonic  acid  is  formed  under  very 
similar  conditions  to  those  in  the  experiment  we  are  considering, 
and  always  contains  a  variable  per  centage  of  water.  Yet  no  one 
has  doubted  the  existence  of  the  solid  carbonic  acid  because  of  the 
frozen  water  it  contained.  An  assertion  of  a  positive  character 
would  hardly  be  justifiable  while  the  matter  is  still  under  investi- 
gation; but  from  all  that  has  thus  far  been  advanced,  it  would  ap- 
pear that  the  weight  of  evidence  is  in  favor  of  the  view,  that  the 
product  obtained  by  the  air  blast  is  really  solid  bi-sulphide,  chloro- 
form, &c.,  in  which  is  mechanically  suspended  a  variable  quantity 
of  frozen  water.  In  conclusion,  it  may  be  remarked  that  in  a  few 
experiments  which  we  have  performed  in  this  direction  with  ether, 
although  a  temperature  of  — 8°  C.  was  obtained,  not  the  slightest  ap- 
pearance of  solidification  was  observed,  but  liquid  could  easily  be 
brought  to  the  consistency  of  syrup. 

The  Arithmometer. — Some  of  our  readers  may  perhaps  already 
have  heard  of  this  calculating  machine,  the  invention  of  the  late 
Monsieur  Thomas  de  Colmar.  A  few  remarks,  therefore,  on  its 
construction  and  operation  may  be  of  interest. 

The  instrument  is  of  small  size,  the  one  which  we  are  about  to 
describe  being  only  22  inches  long,  6A-  inches  wide,  and  3|'  inches 
deep. 

With  its  aid  eight  figures  (tens  of  millions)  can  be  multiplied  by 
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i;i;^lit  li^'iiifs  111  cif-'liU-cu  .Ht-'i:(Mi<U  ; 
oiglit  lijj^iiios  ill  Iwciity  Mccomls,  and 
ti  s((Uiir('  I'oot  ol'  sixteen  ligurt;.s  be 
cxtnujtod,  willi  I  In-  proof,  in  Irs- 
tlmn  two  iiiiiiiitrs. 

'V\\v  iiislriiiiiriit  i.■^  iiHicli  ii.'^i.'d  ill 
J^wigiuiid  iiiid  i'luropi;  ;/eiit'i-aliy,  in 
govcriiim'iit  olliccs,  in  ob.servjitions, 
in  most  o^  llm  lil'i!  insuranci;  ollices, 
and  in  lliosc  of  civil  engineers  and 
others. 

Our  illustration  shows  a  to[)  view 
of  an  Arithmometer,  the  lid  of  the 
box  being  removed.  It  is  eon- 
structed  eliielly  of  ii  brass  plate  a, 
furnished  with  eiglit  slots,  as  shown; 
direetly  under  these  slots  are 
mounted  eight  drums,  each  having 
nine  elongated  cog  teeth  of  succes- 
sively decreasing  length  ;  over  each 
drum,  and  between  it  and  the  slot, 
is  mounted  a  square  shaft,  on  which 
slides  a  piniou- wheel,  so  as  to  catch 
any  number  of  teeth  ou  the  drum. 
Eacli  of  these  pinion-wheels  is 
moved  hj  a  button  a,  of  which 
there  is  one  in  each  slot,  the  figures 
at  the  sides  of  the  slots  showing  the 
proper  position  of  each  button  «, 
for  any  work  to  be  performed  by 
the  instrument.  The  cogged  drums 
gear  by  bevel-wheels  with  a  long 
horizontal  shaft,^  which  is  also  in 
gear  with  the  vertical  shaft  moved 
by  the  handle  6,  by  which  the  in- 
strument is  worked,  b  is  a  move- 
able brass  plate,  which  can  turn  and 
slide  on  a  round  bar  hinge  at  the  back  ;  in  this  plate  there  are  1^ 
holes  c,  under  each  of  which  is  a  moveable  disc,  numbered  from  0 
to  9,  and  arranged  so  that  any  one  figure  of  each  disc  may  be  brought 
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under  its  corresponding  hole,  c.  These  discs  have  bevel-wheels 
which  gear  with  bevel-wheels  on  the  before  mentioned  square  shafts. 
The  moveable  plate  b  is  also  furnished  with  the  holes  cZ,  having 
disks  numbered  from  0  to  9  underneath,  and  are  for  showing  the 
number  of  turns  of  the  handle,  giving  by  this  means  the  quotient 
in  division  and  showing  the  multiplier  in  multiplication.  The 
knobs  c  and  d  are  for  bringing  the  figures  under  the  holes  c  and  d 
to  zero  before  commencing  an  operation,  and  the  knob  E  is  for  set- 
ting the  instrument  to  work  addition  and  multiplication,  or  sub- 
traction and  division  ;  F  is  a  sniall  slate  for  memoranda. 

Before  further  describing  the  working  of  the  machine,  we  would 
remark  that  if  the  knob  E  be  placed  at  addition,  each  turn  of  the 
handle  will  carry  the  figures  marked  by  the  buttons  a  under  the 
indicator  holes  c,  while  if  the  knob  be  placed  at  subtraction,  it  will 
subtract  from  the  figures  under  the  holes  c  the  number  marked  by 
the  buttons  a. 

We  will  now  proceed  to  give  an  example  of  the  operation  of 
multiplications,  the  operations  for  addition  and  subtraction  being 
sufficiently  explained  in  the  previous  paragraph. 

Thus  to  multiply  76,847,235  by  6583  :  Mark  the  multiplicand  on 
the  plate  a  by  the  buttons  a,  as  shown  in  the  illustration ;  set  the 
knob  E  at  addition  and  multiplication,  then  turn  the  handle  h  three 
times  for  the  unit  figure  of  the  multiplier,  and  three  times  the  mul- 
tiplicand, viz :  230541705,  will  appear  under  the  holes  c  in  the 
movable  plate  b  ;  this  plate  must  now  be  raised  and  moved  one 
figure  or  station  to  the  right,  and  the  handle  turned  eight  times  for 
the  second  figure  of  the  multiplier,  and  6378320505  will  appear 
the  holes  c;  move  the  plate  b  again  to  the  right,  and  turn  the 
handle  five  times  for  the  third  figure  of  the  multiplier,  and 
44801938005  will  be  brought  under  the  holes  c,  and  finally  by 
moving  the  plate  B  once  more  to  the  right  and  turning  the  handle 
six  times  for  the  last  figure  of  the  multiplier,  the  total  product, 
505885348005,  will  appear  under  the  holes  c,  and  the  figures  of  the 
multiplier,  viz  :  6583,  will  appear  in  the  holes  d. 

For  division  the  operation  is  as  simple  as  for  multiplication,  and 
is  performed  as  follows:  Thus  to  divide  414591904  by  4768,  set 
up  the  dividend  on  the  plate  B  and  the  divisor  on  the  plate  A,  com- 
mencing with  the  unit  figure  in  each  case  to  the  right  hand;' place 
the  knob  E  at  subtraction  and  division,  and  move  the  plate  B  to  the 
right  until  the  second  figure  (from  the  left)  of  the  dividend  is  over 
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llir  lirsl  ri;^urr  (1;  nC  iIk;  (IIvImoi  ;   Im  u  llir  liaiMlIc  uiglit  liiucM,  aud 
:iii  S  will  apiifiir  in  oik;  ol*  iIuj  liolns  </,  luuJ  will  give  the  HrNt  figure 
•  )(■  l-lu!  i|iiuliuiil,  wliilu  tlid  ilividcinl  will  i»(iw  wiiow  .'{.'il.jl'JOlJia'. : 
\)vv\\  ictliicftl  l)j  L'i}.^lil  limes  ilii;  divi.sor,  a.n  in  unliiiary  arillir/i'  '. 
iiu>V(*lli(>  jilalu  l(  oiu;  placr  to  tlio  lull,  and  liirn  lliu  liundlcMix  tiiiiCM 
for  tlm  siicuntl  liguro  ol' tliu  t|Uoticnt,  and  iliii  dividend  will  he  fur 
llicr  reduced  by  six   times  tiio  divisor,  and   will   mark    lOiS'JOi  ; 
a<{uin   move   llie  |)Iale   and  luin   llie   handle  nin<;  limes,  urid  ufler 
moving  the  plale  w  and  Lurnitig  the  handle  five  times  and  three  times 
rcs|H'Gtivt!ly,  tlio   lioles  r  will  all  show  n«^u<^hts,  and  tlie  quotient 
iiolos  d  will  show  8GU5:},  which  is  the  ({uolient  reijuired;  if  there- 
had  hcH-n  any  remainder  it  would  have  appearetl  in  tiie  holes  c. 

Although  by  the  ordinary  limits  of"  the  machine,  a  pro'luct  ol'  KJ 
})lacos  ol' figures  and  a  quotient  of  D  figures  only  can  be  obtained, 
yet  by  intermediate  record  by  the  operator,  these  limits  may  be  vir- 
tually doubled  for  multiplication,  while  for  division,  provided  tlie 
divisor  does  not  exceed  eight  places  of  figures,  the  dividend  ami  the 
(juotient  may  be  unlimited. 

We  have  not  space  to  cuter  more  fully  into  the  further  applica- 
tions of  the  instrument,  but  believe  that  Mr.  W.  A.  Gilbe*',  of 
4  South  street,  Finsbury,  London,  is  the  sole  agent  for  England 
and  America,  aud  from  whom,  therefore,  any  explanations  could  be 
obtained. 

The  Bancker  Collection, — For  man}'  years  past  there  has  ex- 
isted in  riiiladelphia,  and  known  only  to  those  of  its  citizens  more 
especially  interested  in  scientific  pursuits,  a  collection  of  philoso- 
phical and  chemical  apparatus  unequaled  in  this  country,  and,  if  the 
opinion  of  foreign  savaus  be  taken,  without  a  rival  in  the  "world. 
It  was  made  and  owned  by  the  late  well-known  Charles  X.  Bancker, 
Esq.,  who  devoted  all  the  leisure  hours  of  a  life  extended  far  be- 
yond the  average  lot  of  man,  and  constantly  applied  to  the  suc- 
cessful prosecution  of  business,  to  the  cultivation  of  scientific  know- 
ledge. For  more  than  half  a  century  he  imported  from  the  work- 
shops of  Europe  their  choicest  productions  in  the  way  of  apparatus, 
aud  his  interest  was  not  limited  to  one,  but  extended  to  all  the  sci- 
ences embraced  within  the  scope  of  philosophic  inquiry. 

In  this  collection  will  be  found  cabinets  of  minerals,  with  beau- 
tifully executed  models  in  glass  and  wood,  to  exhibit  the  immense 
variety  of  crystalline  forms  ;  charts  and  maps  in  relief,  with  suits 
rocks  to  illustrate  the  geology  of  various  countries  :  telescopes  and 
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instruments  for  observing  the  star,  with,  orreries  and  globes  for  stu- 
dying the  motions  of  the  heavenly  bodies  ;  models  of  pumps,  rams, 
jets,  mills,  and  all  manner  of  contrivances  to  demonstrate  the  pro- 
perties of  fluids  when  in  rest  and  in  motion.  The  collection  also 
contains  magnets  simple  and  compound,  with  machines  of  the  most 
varied  description,  to  illustrate  the  phenomena  of  electricity  and 
magnetism.  But  above  all,  it  is  rich  in  optical  and  acoustic  appa- 
ratus. The  Abbe  Moigno,  a  distinguished  French  savant,  wrote  of 
it  some  years  ago  in  Cosmos^  that  "  this  collection  of  optical  in- 
struments is  certainly  the  most  extensive  and  most  brilliant  that 
exists  in  the  world.  It  embraces  in  itself  more  riches  than  all  our 
cabinets  of  France,  and  perhaps  of  Europe,  united.  And  its  vene- 
rable founder,  whose  zeal  seems  to  grow  with  his  age,  does  not 
cease  to  gather  the  freshest  novelties. 

"  We  exaggerate  nothing  when  we  estimate  the  optical  treasure 
of  Mr.  Bancker  at  many  hundred  thousand  francs.  Besides  illus- 
trating the  history  of  optical  discovery  and  research  during  the  pre- 
sent century,  it  contains  numbers  of  the  most  valuable  and  efficient 
instruments,  such  as  the  saccharimeter  of  Dubosq,  the  polarizing 
apparatus  of  Dove,  Powel  and  Soleil,  microscopes  by  Zentmayer, 
Smith  and  Beck,  &c.,  and  complete  sets  of  apparatus  and  objects 
for  repeating  the  researches  of  Becquerel  and  Stokes  on  phospho- 
resence  and  fluoresence.  Professor  Henry,  President  of  the  Smith- 
sonian Institution  at  Washington,  says  in  a  recent  letter  : — 'I  am 
free  to  say  that  with  the  addition  of  a  very  few  articles  that  have 
been  improved  or  invented  within  the  last  few  years,  it  would  be 
the  most  complete  series  of  instruments  that  I  know  of  for  the  illus- 
tration of  the  phenomena  and  history  of  physics. 

"To  break  up  the  collection  and  dispose  of  it  piece-meal,  would 
be  a  matter  of  much  regret,  since  the  value  of  the  instruments  is 
enhanced  by  the  fact  of  their  being  part  of  a  series  well  adapted  to 
the  illustration  of  the  order  of  the  development  of  science." 

Fortunately  for  the  interests  of  science,  the  wish  of  Prof.  Henry 
has  been,  to  a  great  extent,  realized.  The  entire  collection  of  op- 
tical and  acoustic  apparatus  has  been  purchased  by  Professor  Mor- 
ton on  behalf  of  the  Stevens  Institute  of  Technology,  at  Hoboken,. 
and  is  now  thrown  open  to  all  the  students  who  may  wish  to  prose- 
cute investigation  and  researches  within  the  walls  of  that  great  in- 
stitution 
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ON  THE  USE  OF  PULVERIZED  FUEL' 

Hv    Lii'iil.   ('.    K.    I)t  ri(».v,    U.   S.  Ordmituo  C'«rp« 

Having  been  invitedby  Messrs.  Wliclplcy  k  Storcr,  of  Boston, 
to  vii-it  their  cstablisbment,  and  examine  their  new  method  of  ap- 
plying fuel  to  metallurgical  and  other  purposes,  I  have  been  so  pro- 
foundly impressed  with  the  results  of  the  experiments  witnessed 
that  I  take  the  liberty  to  lay  before  the  society  a  discussion  of  the 
subject.  Their  method  consists  in  pulverizing  the  coal  to  an  ex- 
treme degree  of  fineness,  and  blowing  it  into  the  combustion  cham- 
ber, where  it  is  ignited  and  burned  in  the  air  which  floats  it. 

The  generic  idea  involved  in  this  process  is  not  new,  for  it  has, 
during  the  last  forty  years,  been  made  the  subject  of  numerous  pat- 
ents in  England,!  and  possibly  elsewhere.  But  to  most  practical 
minds  it  will  certainly  appear  to  be  new,  and  will  at  first  receive 
the  hasty  judgment  passed  upon  new  ideas.  Yet  nothing  can  be 
more  certain  than  that  the  principles  upon  which  arc  based  the 
claims  of  superior  econom}'  and  efficiency  in  this  mode  of  utilizing 
fuel,  are  entirely  sound,  and  are  demonstrable  by  well  known  laws 
of  thermodynamics,  and  by  practical  considerations  familiar  to 
every  educated  engineer.  Although  known  to  some  of  the  highest 
class  of  engineers,  and  considered  by  them  as  "  theoretically''  sound, 

*  A  paper  read  before  the  Franklin  Institute,  at  its  stated  meeting  April,  1871. 
Being  an  examination  of  the  method  of  applying  pulverised  fuel  to  furnajes  and 
boilers  invented  by  Messrs.  "Whelpley  &  Storer. 

t  In  the  year  1S31,  one  J.  S  Dawes  took  out  an  English  patent  for  applying 
pulverized  fuel  to  the  blast  furnace  through  the  tuyeres.  It  proved  unsuccessful, 
owing  doubtless  to  the  fact  that  the  agency  of  fuel  in  the  blast  furnace  is  chemical 
as  well  as  physical.  In  184tj  a  patent  was  taken  out  by  one  Desboissiers,  for  pul- 
verizing fuel,  and  blo-wing  the  dust  into  the  furnace,  but  though  the  conception 
involved  some  correct  ideas,  the  machinery  was  totally  impracticable. 

In  18-34,  Mouchel  suggested  the  injection  of  powdered  fuel  and  ores,  cither  sepa- 
rately or  together,  upon  a  hearth,  or  inclined  plane  of  a  cast-iron  box,  heated  by 
waste  heat  from  other  furnaces. 

Mushct  proposed,  in  18-56,  to  use  pulverized  coal,  carried  by  the  blast  into  a  ri-- 
verberatory  furnace,  to  prevent  the  oxydation  of  the  iron.  Other  intermediate  in- 
ventions have  been  patented  in  England,  but  no  progress  made,  owing  to  the  diffi- 
culty of  pulverizing. 
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yet  it  has  received  particular  attention  in  but  few  cases,  owing  to 
the  want  of  practical  means  of  carrying  it  into  effect.  The  inven- 
tion of  Messrs.  Whelplej'"  &  Storer  has  overcome  this  practical  dif- 
ficulty in  a  manner  so  surprising  and  complete  that  it  seems  well 
worthy  of  being  ranked  in  importance  and  value  with  the  discove- 
ries of  Bessemer  and  Siemens.  The  defect  which  has  hitherto  ren- 
dered this  valuable  idea  a  practical  nullity  has  been  the  want  of  a 
contrivance  for  pulverizing  coal  with  uniformity  and  cheapness.  It 
needs  but  a  moment's  reflection  to  be  satisfied  that  crushing  by 
stamps,  or  by  rolls,  and  grinding  with  stones,  would  cost  far  more 
than  the  best  results  we  could  hope  to  gain — let  alone  the  difficulty 
of  transvecling  the  dust  from  the  pulverizer  to  the  furnace — a  mat- 
ter no  less  important  than  pulverizing  itself.  Let  us  see  how  the 
invention  in  question  annihilates  these  difficulties. 

Conceive  an  ordinary  blowing  fan  with  the  following  modifica- 
tions. The  box  is  about  18  inches  diametei',  and  about  the  same 
length.  Instead  of  opening  at  both  ends,  one  end  is  tight  around 
the  journal.  The  box  is  divided  into  two  chambers  by  a  diaphragm, 
BO  that,  really,  we  have  two  fans  on  the  same  shaft,  and  their  boxes 
communicate  by  a  hole  in  the  diaphragm  around  the  shaft.  The 
fan  at  the  closed  end  of  the  box  is,  in  form  and  function,  a  blowing 
fan.  The  outer  fan  is  the  pulverizer.  The  coal  is  fed  into  the  open 
end  of  the  pulverizing  chamber,  is  caught  by  the  swiftly  revolving 
paddles,  and  reduced  to  powder,  and  is  then  sucked  by  the  fan 
through  the  diaphragm,  whence  it  is  expelled  by  the  ordinary  tan- 
gential pipe  along  with  ihe  blast.  The  coal  is  fed  in  the  form  of 
coai'se  gravel  ;  it  is  delivered  as  fine  as  flour. 

The  n.ere  statement  of  the  facts  in  the  case  at  first  appears  sin- 
gular. Had  any  person,  who  never  saw  or  heard  of  this  contrivance 
before,  been  asked  to  give  his  opinion  as  to  what  could  be  the  result 
of  feeding  coal  into  such  an  apparatus,  he  surely  would  not  have 
predicted  the  results  actually  obtained.  It  would  have  been  quite 
natural  to  expect  a  little  splintering  of  the  coal,  and  the  speedy 
clogging  of  the  pulverizing  chamber,  or  perhaps  the  destruction  of 
the  whole  machine  in  its  efforts  to  clear  itself  of  its  contents.  But 
as  the  truth  is  quite  otherwise,  we  may  well  ask  by  what  kind  of 
action  is  the  coal  reduced  to  powder  ?  It  is  not  ground,  for  the 
machine  is  expressly  constructed  to  avoid  a  grinding  action,  the 
paddles  being  in  no  case  nearer  to  the  walls  of  the  cylindrical  shell 
than  half  an  incli ;  nor  does  the  coal  seem  to  be  comminuted  alto* 


jollier  hy  .'^|»liiil«iiii;_' against  tlnj  ii'»ii  -ui  i:i<:i-^,  lor  al^' 
aclioii  iiii<l()ul)lc<lly  taUcs  platuj  at  first  iriipacl,  y<!t  • 
ifaclinl  a  ciMlaiii  wtagc,  uikI  flial  l»y  no  nMjariM  near  tin:  ultimat< 
one,  il  i-annot  scM.'niingly  continue  to  any  rnalirrial  iixlcnl.  TIm*  • 
«?x|)laiwili«)n  ocinirring  liurc,  and  lliat  not  at  all  .sati.sfuctory,  is,  thai  ... 
tliu  powerful  (loniniotion  produced  by  the  swift  rotation  of  the  pad- 
dles, the  jiarticlcs  clash  fiercely  togeth<;r  and  triturate  each  other — 
a  view  confinncd  in  some  measure  by  the  appearance  of  the  duHt 
under  the  niieroseope.  liut  whatever  the  mode,  it  ia  certain  that 
tlie  coal  is  pulveri/rd  to  an  extreme  degree.  I  have  watched  thia 
maeliine  for  hours,  and  have  caused  it  to  be  fed  under  my  own  eye, 
and  the  products  collected  in  a  bag,  of  which  1  submit  a  sample. 
As  nearly  as  1  can  estimate  by  micro.scopic  measurement,  fully 
nincteen-twcntietbs  of  the  particles  are  less  than  5^^  of  an  inch  in 
diameter,  and  none  exceed  ^l^^  of  an  inch.  From  the  open  end  of 
the  pipe  it  floats  away  in  a  dense  cloud  of  smoke,  and,  singularly 
enough,  not  a  black  smoke,  but  of  a  reddish  brown  color,  differing 
strikinglv  from  the  jet  black  of  coal.  Thi-s  may,  or  may  not,  indi- 
cate extreme  minuteness  of  subdivision;  I  ofTer  no  explanation  of 
it.  The  still  more  astonishing  performance  of  this  machine  in  re- 
rcducing  quartz,  ores,  grain,  &c.,  will  be  alluded  to  hereafter. 

The  function  performed  by  this  machine  is  a  double  one.  It  pul- 
verizes the  fuel  and  delivers  it,  along  with  the  blast,  into  the  com- 
bustion chamber,  by  a  single  and  indivisible  operation.  This  com- 
bination of  two  acts  into  one  is  of  vital  importance,  and  may  be  said 
to  constitute  the  central  idea  of  the  mechanical  part  of  the  process. 
It  Avould  otherwise  be  useless  for  metallurgical  or  even  for  calorific 
purposes.  It  removes  at  a  single  coup  the  two  most  formidable 
obstacles  which  have  hitherto  rendered  the  use  of  pulverized  fuel 
impracticable.  Another  feature  of  high  importance  is  the  mecha- 
nism for  regulating  the  supply  of  air  and  coal.  The  inventors  have 
devised  an  excellent  apparatus  for  this  purpose,  which  controls  both 
with  precision ;  but  as  this  is  merely  a  matter  of  mechanical  detail, 
I  presume  it  will  be  taken  on  trust,  and  a  description  of  it  is  omit- 
ted. I  shall  confine  myself  to  a  description  of  the  functions  per- 
formed by  it,  which  are  greater  than  would  at  first  appear.  The 
pulverizer  seems  to  be  governed  by  very  definite  laws,  and  a  pre- 
cise practice,  in  the  amount  of  work  it  can  perform  with  economy. 
A  machine,  working  upon  a  given  fuel,  will  have  its  efficiency 
modified  bv  three  variable  conditions : 
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1st.  The  velocitj'of  the  shaft. 

2d.  The  quantity  of  coal  iDtrodaced. 

3d.  The  quantity  of  air  introduced. 

1.  With  regard  to  the  first  condition,  practice  has  shown  that 
there  is  a  uniform,  or  nearly  uniform,  velocity  suitable  to  every  ma- 
chine, which  m^y  be  set  down  at  about  10,000  feet  per  minute  for 
a  point  on  the  periphery  of  the  paddles,  "which,  for  an  18-inch  pul- 
verizer, would  be  about  2100  or  2200  revolutions  per  minute.  If 
the  speed  be  diminished,  then  the  coal  will  be  less  thoroughly  pul- 
verized, and  will  burn  imperfectly  and  wastefullj'-  in  the  furnace.  If 
the  speed  be  increased,  the  finenessof  the  dust  will  also  be  increased, 
but  the  power  required  to  attain  a  higher  velocity  increases  in  a 
YQYj  large  ratio,  and  the  increased  fineness  of  the  product  is  not 
sufficiently  advantageous  to  compensate  the  cost  of  increased  speed. 

2.  The  feed  of  fuel  will  of  course  be  determined  primarily  by  the 
requirments  of  the  furnace,  and  the  minimum  quantity  which  will 
efl'ect  the  desired  temperature  will,  in  each  case,  be  determined  ex- 
perimentally.  If  the  fuel  be  diminished,  an  insufficient  heat  will  be 
obtained,  and  if  it  be  increased,  the  loss  will  be  three  fold :  (1)  the 
surplus  fuel  v^'ill  burn  to  waste;  (2)  the  effort  of  the  machine  to 
clear  itself  from  an  overwhelming  supply  will  absorb  more  power; 
and  (3)  drive  out  the  coal  before  it  is  sufficiently  pulverized — in 
brief,  the  result  being,  more  power  and  more  fuel  consumed,  and 
less  heat  developed. 

3.  The  amount  of  air  admitted  should  be  sufficient  to  float  readily 
the  pulverulent  coal,  but  not  more.  If  excessive,  the  increased 
draft  through  the  pulverizing  chamber  will  float  out  much  larger 
particles  than  can  burn  efficiently.  Generally  speaking,  it  is  ad- 
visable to  keep  the  supply  of  air  quite  small.  In  any  event  it  will 
be  necessarj^  to  supply  air  for  combustion  by  a  separate  air  pipe, 
because,  if  a  sufficient  quantity  were  passed  through  the  machine, 
it  would  carry  out  the  fuel  insufficiently  reduced,  and  moreover,  in 
special  applications  it  becomes  necessary  to  use  hot-blast,  which 
would  necessarily  enter  the  furnace  through  a  separate  pipe — the 
air  from  the  pulveriser  being  always  cold.  Air  enters  the  pulver- 
izer through  the  same  inlet,  and  along  with  the  coal.  The  aperture 
is  adjustable,  as  is  also  the  feeding  apparatus,  thus  affording  perfect 
and  instantaneous  control  over  the  supply  of  both.  The  advantage 
of  being  able  to  stop  a  fire  completely  in  an  instant,  and  renew  it 
in  full  force  as  quickly,  and  also  to  regulate  it  at  pleasure,  by  the 
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mere  motion  olu  valv*-,  <>r  hund  Icvor,  in  no  ^rcat  dk  to  need  the 
merest  iiuMitioii  in  (irdnr  to  bo  apprecioted. 

'I'lio  j)ulv»Mi/(.'r  lias  l)t'cn  applied  by  it.s  InvenlorH  to  ;i  variety  of 
purposes,  of  which  1  sliall  discuss  two,  whieh  seem  to  aflbrd  the 
widest  rnn^e  for  possible  advantages,  viz  :  itM  a[)plication  to  the  ro* 
verbcratory  furnace,  and  to  tlic  sleain  boiler. 

I.  Pulverizrdfucl  in  l/te  rcvcrberutori/ furuarr. — 1'his  application 
does  not  involve  a  radical  change  in  the  structure  and  design  of  the 
furnace;  the  chief  alterati(jn  being  the  omission  of  tlic  fireplace  in 
its  present  form.  Instead  (jf  constituting  a  large  jiroportion  of  the 
entire  structure,  and  of  i)riine  importance,  it  is  reduced  greatly  in 
size,  and  performs  subsidiary  functions.  It  is  employed,  at  first, 
to  raise  the  temperature  of  the  walls  to  redness  around  the  coal 
tuyere,  which  is  necessary  in  order  to  ignite  the  dust  as  it  enters 
the  furnace.  Subsequently  it  is  kept  closed  as  lightly  as  possible, 
and  the  fuel  within  it  serves  merely  to  deoxydize  the  air,  which 
filters  through  the  doors,  and  to  suftply  a  small  quantity  of  carbonic 
oxide.  This  small  supply  of  inflammable  gns  materially  assists  and 
insures  the  speedy  ignition  of  the  coal  dust*  The  gas  generator 
is  supplied  with  anthracite  culm,  of  which  it  consumes  only  about 
30  pounds  per  hour.  The  pulverizer  is  located  a  few  feet  behind 
the  gas  generator,  and  the  coal  tuyere  enters  the  back  wall  of  the 
furnace,  pointing  directly  over  the  fire  bridge.  The  air  tuyere  is 
located  just  above  the  coal  tuyere.  The  furnace,  therefore,  is  re- 
duced to  a  hearth,  with  the  pulverizing  machine  in  the  stead  of  the 
old  fire-place. 

In  discussing  the  comparative  theoretical  merits  of  this  method, 
and  grate-burning,  some  preliminary  considerations  may  be  proper. 
It  is  necessary  to  be  mindful  of  the  fact  that  the  amount  of  heat, 
that  is  to  say  the  number  of  units  of  heat,  developed  by  the  com- 
plete oxydation  of  a  given  quantity  of  fuel,  of  a  particular  consti- 
tution, is  a  constant  quantity.  It  matters  not  under  what  circum- 
stances oxydation  takes  place,  whether  explosively,  as  in  the  case 
of  commingled  gases,  or  by  that  slow  combustion  which  sometimes 
requires  3'earsto  accomplish,  the  gross  amount  is  always  the  same. 
But  we  are  dealing  chiefly  with  temperatures  in  the  reverberatory 

*It  will  readily  appear  that  the  lambent  form  of  a  genuine  gas  flame  is  better 
suited  to  coTumunicate  ignition  than  the  scintillations  of  specks  of  fuel,  where  the 
flame  would  have  to  leap  from  grain  to  grain,  over  an  intermediate  space  of  cool 
or  half  heated  air.     It  renders  ignition  more  prompt  and  certain. 
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furnace — a  matter  in  which  quantity  of  heat  is  only  one  of  several 
equally  essential  conditions,  any  one  of  which  may  be  so  varied  as 
to  occasion  the  widest  variations  in  temperature.  Thus,  the  incre- 
ment of  temperature  produced  in  a  body  of  gas  by  the  accession  of 
a  given  quantity  of  heat,  will  vary  inversely  as  the  volume  of  that 
gas — also  inversely  as  the  specific  heat  of  the  gas.  Hence  it  appears 
that  if  we  increase  the  volume  of  gas  (or  solid  either),  through 
which  the  heat  is  to  be  diffused,  we  diminish  the  temperature;  or 
if  we  impart  given  quantities  of  heat  to  given  volumes  of  gases,  the 
temperatures  will  vary  inversely  as  the  specific  heats  of  the  gases. 
These  facts  are  familiar  enough  to  every  student  of  thermodyna- 
mics, and  are  mentioned  merely  for  the  sake  of  continuity  in  the 
argument. 

2.  For  the  complete  combustion  of  a  fuel  of  a  given  constitution, 
a  fixed  proportion  of  air  is  necessary.  When  the  combustion  is 
complete,  we  have  obtained  certain  gases,  having  a  definite  volume, 
an  average  specific  heat,  and  a  fixed  temperature,  which  is  the 
maximum  temperature  which  that  fuel  is  capable  of  imparting. 
This  assumes,  of  course,  that  no  adventitious  heat  is  added.  If  an 
excess  of  air  be  supplied,  then  that  excess  represents  a  useless  vol- 
ume, through  which  the  total  heat  must  be  distributed,  with  a  con- 
sequent lowering  of  the  temperature.  If  air  be  deficient,  then  the 
fuel  will  be  imperfectly  burned,  becoming  carbonic  oxide  instead 
of  carbonic  acid,  and  yielding  much  less  heat,  with  about  the  same 
volume  of  gas,  and  a  consequent  lower  temperature.  "We  approach 
the  maximum  temperature  in  proportion  as  we  approach  the  exact 
proportions  of  air  and  fuel  necessary  for  perfect  combustion.  In 
common  grate  burning  we  depart  widely  from  exactitude  in  these 
proportions.  At  one  period  we  have  a  grate  heaped  with  fresh  fuel, 
giving  off  half  burned,  or  wholly  unburned,  gases;  at  another,  half 
exhausted  coals,  coated  with  ash,  to  which  only  a  portion  of  the 
oxygen  can  obtain  access.  The  draft,  on  the  other  hand,  is  con- 
stant, or  only  occasionally  varied.  A  stream  of  air,  driven  through 
a  bed  of  ignited  coals,  first  oxidizes  the  lower  layers,  converting 
the  carbon  it  touches  into  carbonic  acid.  The  latler  gas,  rising 
through  the  bed,  takes  up  more  carbon,  becoming  carbonic  oxide, 
which  is,  in  part,  re-oxidized  again  just  above  the  coals,  giving  rise 
to  flames.  Unless  there  is  a  large  excess  of  oxygen,  there  is  aprob- 
ability  that  some  of  the  combustible  elements  of  the  gases  will  be 
uncousumed,  owing  to  imperfect  intermixture,  and  a  rapid  cooling 
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below  tin;  point  necessary  to  insure  ip^riilion  by  the  nearly  ex haUMtcii 
oxygen.  If  liy<lr<)gen  bo  present  in  llio  form  of  bydrocarl>on  va- 
j)ors,  it  will,  by  its  stroni^er  aflinity,  apj)ropriate  oxy^'on,  to  the 
exclusion  of  carbon,  ami  ev(;n  dccornposfj  carbon  already  oxidize<l, 
the  latter  element  passing;  f)fl'  in  mitnitc  (hikes,  wlii<:li  constitute  the 
dense  black  smoke  always  abundantly  developed  where  bituminous 
or  hydrocMibon  fuels  are  burned  in  iin  insuflicient  supply  (;f  air.  In 
the  puddliii<;  furnace  those  circumslances  are  more  or  less  modifie<l 
by  admitting;  a  draft  over  tlio  grate,  but  the  loss  of  fuel  is  by  no 
means  wholly  obviated  by  this  means.  In  practice,  it  is  usual  to 
drive  through  the  grate  at  least  twice  the  ({uantity  of  air  theoreti- 
cally necessary  to  oxidize  the  entire  ma.ss  of  fuel.  Indeed,  two  to 
one  is  oftener  exceeded  than  fallen  .short  of.  The  effect  upon  the 
temperature  is  corresponding,  as  will  appear  I'rom  the  following 
simple  estimates.  If  a  jiound  of  bituminous  coal  were  perfectly 
burned  in  a  volume  of  air  just  sufficient  to  oxidize  all  of  the  com- 
bustible elements,  tlie  result  would  be  as  follows:  After  deducting 
the  latent  heat  of  vaporization,  there  would  be  developed  about 
1300  units  of  heat.  The  resulting  gases  would  occupy  (if  their 
temperature  were  reduced  to  G0°)  146-6  cubic  feet,  with  an  average 
specific    heat    of    '26.      Their   temperature    would    therefore    be 

T  =  -przno  X-9H  "^  G0°  =4516°  ;  provided  no  heat  were  lost  by  ra- 
diation. If  twice  the  volume  of  air  were  used,  then  t  = 
99-11  v-9-1.  "^  60  =  2474°,  or  a  little  more  than  half  the  temperature 
under  the  first  supposition.  Assuming  the  air  to  be  fifty  per  cent, 
in  excess,  then  T  =  -t-t-ttv ?r^  +  CO  =  3150°. 

Now,  it  needs  but  to  state  the  conditions  under  which  pulverized 
fuel  is  supplied  to  the  furnace  to  make  it  very  clear  that  those  con- 
ditions are  extremely  favorable  to  combustion  with  a  greatly  re- 
duced supply  of  air.  AVe  have  shown  good  reason  why  the  enor- 
mous excess  of  100  per  cent,  is  generally  necessary  in  grate  burning. 
But  with  pulverized  fuel  the  conditions  are  radically  changed. 
There,  every  particle  of  fuel  enters  the  furnace  surrounded  by,  and 
in  contact  with,  the  very  oxygen  that  is  to  burn  it.  The  fuel  and 
the  air  are  as  perfectly  intermixed  as  possible  by  the  powerful  agi- 
tation of  the  pulverizing  machine,  and  at  the  moment  of  ignition 
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the  former  exposes  an  enormous  surface  to  the  action  of  the  latter. 
The  combustion  should  therefore  be  rapid,  and  very  nearly  com- 
plete, and  this  without  the  liability  to  distil  a  large  portion  of  gases, 
or  to  appropriate  carbon  from  other  parts  of  the  fuel  less  exposed 
to  oxidizing  action.  Perfect  intermixture  is  essential  to  perfect 
combustion.  When  a  current  of  gas  and  one  of  air  are  brought  to- 
gether, it  requires  time  to  mingle  them  perfectly,  and  if  they  are 
ignited  at  the  junction  of  the  jets,  some  of  the  gases  will  escape 
combination,  though  the  proportions  of  each  may  be  exact ;  for  the 
two  are  carried  forward  in  eddying  currents  and  whirls,  which 
cannot  intermiugle  until  some  time  after  they  have  cooled  down 
below  the  temperature  of  ignition.  Ilence,  we  have  carbonic  oxide, 
free  carbon,  oxygen,  all  escaping  from  flues  and  stacks  without  un- 
dergoing combination,  and  representing  so  much  lost  fuel,  and 
adding  to  the  superfluous  volume  of  gases  besides.  But  with  pul- 
verized fuel  the  essential  condition  of  intermixture  is  vastly  im- 
proved, so  that  we  seem  to  approach  that  perfect  intermixture  ob- 
tained by  the  transfusion  of  gases,  where  atom  is  in  juxtaposition 
to  atom,  and  we  are  rem^oved  from  it  only  sufliciently  to  avoid  the 
explosive  action  attending  the  contact  of  flame  with  perfectly  min- 
gled gases.  More  strictly,  the  condition  of  pulverized  fuel,  sus- 
tained in  air  sufficient  to  burn  it,  may  be  represented  by  a  cube  of 
air  -o'gth  of  an  inch  on  its  edge,  holding  in  its  centre  a  particle  of 
coal.' 

Now,  it  is  not  maintained  that  these  conditions  are  in  their  na- 
ture such  as  to  insure  the  perfect  combustion  of  the  coal  with  the 
theoretical  minimum  of  air,  for  it  is  possible  to  detect  circumstances 
which  may,  in  greater  or  less  degree,  interfere  with  such  a  result.  It 
must  be  borne  in  mind  that  these  particles  are  not  atomic  by  a  very 
wide  interval,  and  hence  their  combustion  must  present  the  pheno- 
mena of  progressive  absorption  of  a  surface  of  fuel,  and  a  progres- 
sive exhaustion  of  oxygen  ;  and,  as  is  invariably  the  case  under 
these  circumstances,  some  minute  portions,  at  least,  must  escape 
combustion,  unless  oxygen  be  in  excess.  Then,  too,  some  of  the 
particles  are  of  material  size,  rendering  these  phenomena  all  the 
more  decided.  But,  on  the  whole,  it  certainly  seems  as  though 
the  conditions  in  question  were  such  that  coal,  pulverized  in  the 
manner  described,  may  be  perfectly  burned  in  a  supply  of  air  not 
greatly  in  excess  of  the  theoretical  minimum.  At  any  rate,  they 
are  far  more  favorable  in  this  respect  than  the  best  possible  method 
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of  grille  burnirif^,  ami  piolahly  hcttcr  tlmn  any  j»ractical  f:x\HUuf: 
mcth(Hl  of  gas  burning. 

A  prolific  source  of  loss  exists  in  the  ordinary  rcverherulory  fur- 
uacc,  wliicli  is  obviated  in  groat  part  by  McHHrn.  Wludpley  &  Slo- 
ror's  njctliod,  viz:  the  loss  by  radiation  from  the  fireplace.  Of  the 
heat  generated,  ordy  that  portion  exerts  any  useful  effect  which  is 
carried  into  the  hearth.  A  very  Hcnsiljh-  amount  is  lost,  however, 
before  the  flames  enter  the  hearth.  This  amount  is  variously  esti- 
mated by  different  investigators,  none  of  whom  place  it  lower  than 
five  or  six  per  cent.  This  need  not  .seem  surprising  when  it  is  re- 
membered that  the  area  of  the  surfaces  surrounding  tlie  fireplace 
through  which  heat  may  be  totally  lost,  amounts  to  one-third,  at 
least,  of  that  of  the  hearth  itself.  Also,  at  very  high  temperature 
heat  is  radiated  and  conducted  away  with  a  ra{)idity  much  greater 
than  that  due  to  a  simple  ratio  of  the  interior  to  the  exterior  tem- 
perature. This  loss  is  doubly  serious,  from  the  fact  that  the  tem- 
perature of  the  flame,  at  its  hottest  point,  is  inconveniently  near  to 
that  required  in  the  bath  of  metal  itself.  The  pulverized  fuel  fur- 
nace, on  the  other  hand,  does  away  almost  entirely  with  the  fire- 
place, and  burns  its  fuel  with  nearly  explosive  rapidity,  in  the 
hearth  itself,  avoiding  this  loss  almost  completely. 

These  results  may  seem  surprising  to  practical  men,  and  yet  they 
may  rest  assured  that  they  are  in  perfect  conformity  with  well  es- 
tablished facts  and  principles  in  physical  science.  It  is  not  pro- 
posed to  obtain  any  more  heat  out  of  the  combustion  of  a  quantity 
of  coal,  but  merely  an  increased  temperature  from  the  same  quan- 
tity by  diminishing  the  volume  of  gas  through  which  that  heat  is 
distributed.  We  also  burn  the  fuel  more  completely,  and  lose  less 
heat  by  radiation.  Wiih  this  increased  temperature  we  increase 
the  efficiency  and  rapidity  of  all  operations  requiring  the  acquisition 
of  temperature,  and  thus  shorten  the  time  during  which  -we  are 
compelled  to  burn  the  fuel.  Let  us  therefore  apply  this  deduction 
of  increased  temperature  to  the  practical  management  of  the  rever- 
beratory  furnace. 

(To  be  continued.) 
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ON  A  SHIP  CHANNEL  ACROSS  CAPE  COD. 

By  Jos.  P.  Frizell,  C.  E. 

The  project  of  establishing  a  water  communication  across  Cape 
Cod,  between  Barnstable  and  Buzzard's  Bays,  thereby  cutting  ofi' 
a  long  stretch  of  dangerous  navigation  on  an  exposed  coast,  has 
been  before  the  public  at  different  times  for  the  past  one  hundred 
years.  The  object  of  this  paper  is  to  discuss  an  important  physical 
and  engineering  problem,  which,  arising  under  precisely  similar 
conditions  in  no  other  important  work  that  I  am  aware  of,  natu- 
rally identifies  itself  with  this  enterprise.*  The  question  is  this  : 
Should  the  proposed  channel  of  communication  be  open  to  the  free 
flow  of  the  tides,  or  should  the  tides  be  excluded,  and  the  surface  of 
the  canal  be  maintained  at  an  uniform  level  by  means  of  locks  ? 

To  fully  appreciate  the  importance  of  this  question,  we  must 
take  a  preliminary  glance  at  the  probable  cost  of  the  two  methods. 
By  the  elaborate  and  detailed  estimate  of  Mr.  George  E.  Baldwin, 
contained  in  his  report  to  a  committee  of  the  Massachusetts  Legis- 
lature in  1862,  the  total  cost  of  the  enterprise,  including  the  arti- 
ficial harbor  in  Barnstable  Bay,  forming  a  necessary  part  of  the 
method,  was  put  down  at  about  ten  millions  of  dollars.  For  the 
item  of  excavation,  including  dredging  and  land  damages,  about  one 
million  and  a  quarter  was  allowed  by  the  most  favorable  route.  In 
a  free  channel,  excavation  would  be  the  principal  item.  It  would, 
in  the  aggregate,  be  considerably  greater  than  in  a  closed  canal, 
though  considerable  aid,  in  this  regard,  might  be  expected  from  the 
scouring  action  of  the  current,  as  will  appear  hereafter.  Piers  or 
jetties  extending  into  deep  waters  would  also  be  necessary  at  the 
easterly  extremity,  and  perhaps  similar  structures,  though  of  less 
magnitude,  at  the  western.  By  comparison  with  similar  works,  I 
should  judge  that  one  million  would  cover  the  cost  of  these  solid 
structures.  The  works  at  the  Sulina,  Mouth  of  the  Danube,  to  be 
spoken  of  hereafter,  cost  about  $380,000.  It  is  not  essential  to  the 
purpose  of  this  paper  to  go  into  any  exactness  with  regard  to  cost, 

*  The  length  of  the  channel  will  be  about  eight  miles.  The  period  of  high  tide 
occurs  later  in  one  bay  than  in  the  other,  the  daily  maximum  variation  in  height 
between  the  two  bays  being  6J  feet,  and  the  extreme  variation  nearly  8  feet. 
Full  reports,  with  plans  and  diagrams,  may  be  found  in  Mass.  Pub.  Doc,  No.  41, 
1863. 


On  a  Sliip  ('hdUTitl  Across  Cape  Cod.  387 

From  wliat  jJreccdoH,  it,  is  nj)[i.'ircrit  that  I  urn  Hafc  in  ^ayin;;  that 
the  cost  of  tlio  enterprise  by  the  first  nnrncU  method  is  less  than 
half,  and  probably  l<'ss  than  on(;thinl,  of  its  cost  by  tlie  wiiiond. 

It  appears  from  the  report  of  Mr.  Baldwin,  aboveallndo<l  to,  that 
liis  instructions  were  "to  j)I;in  a  canal  with  locks,"  which  is  prob- 
ably liis  reason  for  refraining  from  any  discussion  of  a  free  chann«!l. 
The  legislative  corniniMec,  in  framing  these  instructions,  probably 
acted  under  the  advice  of  the  advisory  council  or  board  of  consulta- 
tion, consisting  of  Gen.  Tolten,  chief  of  the  U.  S.  Engineer  iJcpart- 
mcnt,  Prof.  Bache,  chief  of  the  U.  S.  Coa.st  Survey,  and  Ojmrnander 
Davis,  of  the  Navy.  In  the  Report  ofthc.se  gentlemen,  I  find  only 
the  following  paragraph  bearing  upon  this  question  :  "  We  have  al- 
ready spoken  of  the  locks  required  in  consequence  of  the  different 
levels  of  the  sea  at  the  two  extremities  of  the  canal.  The  mean  of 
the  daily  maximum  variations  in  the  elevations  of  the  basins  is  60 
feet,  and  such  a  fi\ll  in  the  distance  of  eight  miles  must,  we  need  not 
say,  be  kept  under  control."  It  is  but  reasonable  to  suppose  that  a 
mode  of  establishing  the  propo.sed  communication,  promising  such 
a  vast  diminution  in  the  expense,  would  have  been  thought  worthy 
of  some  discussion  by  this  eminent  board.  The  absence  of  such 
discussion  appears  to  me  to  be  explainable  upon  only  one  theory, 
viz.,  the  project  of  a  free  channel  is  unique.  Xo  example  exists, 
that  I  am  aware  of,  involving  the  exact  conditions  presented  here. 
To  arrive  at  a  reliable  opinion  of  its  practicability  would  have  re- 
quired considerable  study  and  research,  which  the  duties  of  those 
gentlemen,  then  very  onerous,  on  account  of  the  war,  did  not  allow 
them  to  undertake.  They  accordingly  recommended  dispositions 
which  they  felt  certain  would  answer  the  proposed  ends,  without 
regard  to  cost. 

The  average  maximum  difference  of  level*  between  the  two  bays 
is  6-0  feet,  or  0'81  feet  per  mile,  though  in  rare  and  exceptional  in- 
stances it  amounts  to  7*75  feet,  or  about  12  inches  per  mile ;  this 
state  of  things,  be  it  remembered,  lasting  only  for  some  30  or  40 
minutes  at  the  turning  of  the  tide.     The  first  mentioned  declivity 

*  In  the  report  of  Mr.  Mitchell  to  the  Superintendent  of  the  U.  S.  Coast  Survey. 
he  says :  "  The  mean  of  the  results  is  4-66  feet  for  maximum  height  of  Back  River 
Harbor"  (Buzzard's  Bay)  "  above  Barnstable  Bay,  and  5-79  feet  for  the  reverse 
relations  of  these  basins.  Not  to  underestimate  the  difficulties  of  the  work,  I  take 
the  larger  figure?  from  the  report  of  the  advisory  council." — "Mass.  Fub.  Doc.  No. 
41,  1863. 
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corresponds,  for  a  canal  of  tlie  dimensions  contemplated  in  Mr. 
Baldwin's  report,  to  a  velocity  of  about  A.-b  feet  per  second,  the  sec- 
ond to  a  velocity  of  something  over  5  feet  per  second.  In  calculating 
the  velocity,  I  make  use  of  the  formula  established  by  Humphreys 
and  Abbot.  *  Such  velocities  are  by  no  means  unusual  in  navi- 
gable channels.  The  Mississippi  at  Carrollton,  near  New  Orleans, 
has  a  velocity  of  5'96  feet  per  second,  at  Columbus  6'96  feet  per 
second,  at  Vicksburg  6*95  feet  per  second.  Bayou  Plaquemine,  a 
stream  300  feet  wide  and  28  feet  deep,  has  a  velocity  of  5*2  feet  per 
second  near  its  upper  mouth.  The  Ehine  at  Byland  has  a  velocity 
of  3*6  feet  per  second.  The  Tiber  at  Eome  341.  f  Bearing  in  mind 
that  the  higher  velocity  given  for  the  ship  channel  would  only  occur 
at  rare  intervals,  and  the  lower  only  once  in  12  hours,  lasting  but 
80  or 40  minutes,  while  the  velocities  given  for  the  rivers  are  per- 
manent for  periods  of  high  water,  it  must  be  conceded  that  so  far 
as  the  velocity  of  the  current  is  concerned,  the  difference  of  level 
will  offer  no  insurmountable  obstacle  to  the  navigation  of  the  chan- 
nel. The  transit  of  vessels  would  in  the  aggregate  be  facilitated  by 
it  as  much  as  hmdered.  Sailing  vessels,  in  particular,  would  un- 
doubtedly endeavor  to  take  advantage  of  the  tides  in  passing  through. 
A  much  more  important  question  is  this:  Would  the  current 
engendered  by  the  tides  act  so  injuriously  upon  the  bed  of  the  chan- 
nel as  to  endanger  its  navigability  ?  It  must  be  observed  here  that 
the  velocity  in  a  running  stream  is  proportional  to  the  square  root 
of  the  head  or  fall,:};  or,  otherwise  stated,  the  fall  is  proportional  to 
the  square  of  the  velocity.  The  abrasive  power  of  the  current  is 
proportional  also  to  the  square  of  the  velocity.  It  follows,  then,  that 
the  abrasive  power  is  directly  proportional  to  the  fall.  In  an  in- 
quiry of  this  nature,  therefore,  we  must  use  the  mean  fall,  which  is 
not  more  than  four  feet,  or  six  inches  to  the  mile.  |!     We  need  look 

■-^  Keport  on  the  Physics  und  Hydraulics  of  the  Miss.  Eiver,  p.  S12. 

"^Ibid.  316. 

X  It  is  so  assumed  by  the  majority  of  the  Hydraulic  writers,  though  most  formu- 
Ises  deviate  slightly  from  this  supposition,  not  enough,  however,  to  affect  the  truth 
of  my  conclusion. 

j]  The  advisorj^  council  say,  in  continuation  of  the  remark  previously  quoted 
from  their  report :  "  We  might  have  given  here  the  extreme  difference,  8  feet ; 
for  it  must  be  observed  that  this  is  a  case  in  which  extreme  and  not  means  enter 
into  the  argument."  The  extreme  head  can  only  enter  into  the  argument  here, 
■with  reference  to  structures  designed  to  control  the  tide,  i.  e.  to  locks,  since  such 
structures  must  be  strong  enough  to  resist  the  greatest  force  that  they  can  ever  be 
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lor  MO  ".Mcatcr  abrflsion  hero  tliun  wniliJ  take  j.l.v  <•  m  miy  alluvial 
stream  of  equal  ero.-<.s-. sect  ion,  with  a  dcclivily  of  nix  incljcs  to  the 
inilo.  That  rap'ul  erosions  of  tlio  b<;<l  and  great  «liifting  of  material 
would  take  place  in  a  eliannel  exposfvl  to  such  ndeelivity,  there  can 
be  no  doubt,  but,  by  comparison  with  the  groat  water  courses  al- 
luded to  above,  I  do  not  find  any  reason  to  doubt  the  preservation 
of  a  suflicient  depth.  The  Mississippi,  at  Carrollton,  Vicksburgand 
Columbus,  with  a  velocity  of  0  or  7  feet  per  second,  maintains  a 
high  water  depth  of  from  8S  to  VoO  feet.  The  lihinc  at  IJyland,  with 
a  velocity  of  3"57  feet  j)cr  second,  has  u  depth  of  20  feet.  The  Neva 
in  Russia  with  a  velocity  of  15'2'j  feet  per  second  lias  a  de()th  of  50 
feet.*  The  Mississippi,  in  six  days  of  high  Avater,  carries  past 
Carrollton  a  quantity  of  solid  material  equal  to  the  entire  excava- 
tion of  this  channel. t  IIow  haj^pcns  it,  then,  that  the  channel  of 
the  river  docs  not  fill  up  at  this  point  ?  Because  it  is  as  impossible 
for  material  to  be  deposited  in  a  strong  current  as  to  be  taken  up  by 
a  weak  one.  A  strong  current  and  great  volume  of  icater  are  the 
surest  gtiaraJitees  of  a  sufficient  ibpth. 

The  bayous  of  the  Lower  Mississippi  are  natural  water  courses, 
existing  under  circumstances  very  similar  to  those  of  tLc  proposed 
channel.  Leading  from  the  main  channel  of  the  Mississippi  into 
the  Gulf,  they  flow  sometimes  with  a  violent,  sometimes  with  a  vqtj 
gentle  current,  according  to  the  stand  of  the  river.  It  not  unfre- 
quently  happens  that  some  of  them,  when  the  river  is  low,  and  the 
surface  of  the  Gulf  is  raised  by  northerly  winds,  flow  in  the  oppo- 
site direction,  discharging  salt  water  into  the  Mississippi.  Yet  these 
channels  exhibit  a  remarkable  tendency  lo  preserve  and  even  to 
increase  their  depth.  Bayou  Plaqucmine  has  a  maximum  depth  of 
24  to  28  feet,  Bayou  La  Fourche  23  to  27  feet.  The  latter  is  an 
important  channel  of  inland  communication,  although  no  attempt, 
so  far  as  I  am  aw^are,  has  ever  been  made  to  improve  or  maintain 


exposed  to.  "When  we  come,  however,  to  speak  of  the  ajrijregaic  work  of  abrasion 
performed  by  the  current,  or  the  :ijrgre2:ate  resistance  to  vessels  occasioned  by  it, 
it  is  obviously  not  the  extreme  nor  ihe  average  maximum,  but  the  actual  average 
head,  that  enters  into  the  argument.  This  reasoning  of  the  council,  when  ana- 
lyzed, is  a  little  curious.  The  necessity  for  assuming  an  extreme  head  rests  upon 
the  supposed  necessity  for  locks.  The  necessity  for  locks  rests  upon  the  assumption 
of  an  extreme  head. 

*  Keport  on  Pbys.  and  Hyd.,  «S:c.,  p.  316. 

t  Ibid.,  pp.  14?,  150. 
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its  navigability  by  artificial  means.  The  former,  being  of  short 
length,  and  not  forming  a  link  in  any  important  route,  is  not  mucb 
used  for  that  purpose.  Messrs.  Humphreys  and  Abbott*  say  : 
"Bayou  La  Fourche,  the  last  of  the  outlets  of  the  Mississippi,  in 
many  respects  resembles  an  artificial  canal.  Its  current  does  not 
exceed  three  feet  per  second,  its  bends  are  few  in  number  and 
gentle  in  curvature.  There  are  no  boils,  whirls  or  eddies,  nor  are 
the  banks  abraded  to  anj^  perceptible  extent.  *  *  *  Its  width  be- 
tween the  natural  banks  averases  about  230  feet  and  undergoes  but 
little  variation," 

There  is  a  class  of  artificial  channels  which  bear  a  still  more 
striking  analogy  to  this  work,  viz  :  cut-ofi's,  occurring  at  great  bends 
of  rivers.  This  channel  would  simply  be  a  cut-off"  in  tidal  waters. 
Several  operations  of  this  kind  have  been  executed  upon  the  Mis- 
sissippi, in  some  cases  shortening  the  navigable  channel  more  than 
twenty  miles.  The  declivity  in  such  streams  is  sometimes  very 
great,  the  entire  fall  in  a  long  channel  of  the  river  being  concen- 
trated in  the  short  channel  of  the  cut-off.  The  fall  through  Eac- 
courci  cut-off  in  the  flood  of  1851  and  also  of  1858  was  7  inches  per 
mile,  t  This  is  greater  than  the  effective  fall  (as  regards  abrasive 
power)  in  the  C.  C.  channel,  yet  these  cut-offs  are  daily  traversed  by 
deep  laden  steamers,  and  no  engineer  that  I  am  aware  of  ever  sug- 
gested the  use  of  locks  at  these  localities.  They  sometimes  occur 
spontaneously,  and  in  all  cases  the  erosive  power  of  the  current  is 
the  chief  agent  in  their  formation. 

A  great  number  of  these  works  have  been  executed  upon  the 
Ehine.  :j:  Between  ISTeuberg  and  the  Hessian  boundary  there  are 
no  less  than  75  miles  of  cut-off's,  the  number  being  17.  They  are 
usually  excavated  artificially,  deep  and  wide  enough  to  let  in  the 
current  in  sufficient  volume  to  be  effective,  and,  in  the  majority  of 
cases,  in  from  one  to  four  years,  become  navigable  for  the  vessels 
that  frequent  the  Rhine  Stream.  Taking  the  average  of  all  these 
channels,  the  fall  per  mile  is  greetter  than  the  effective  fall  in  the 
C.  C.  ship  channel. 

I  have  endeavored,  thus  far,  to  illustrate  the  workings  of  the 
proposed  channel  by  reference  to  streams  flowing  permanently  in 

*  Keport  on  Pbys.  &  Hyd.  &c.,  p.  423. 
f  Keport  on  Phys.  and  Hyd.,  &c.,  p.  376. 

X  Hagar.  Handbuch  der  Wasserbaukunst,  Zweiter  Tbeil.  Die  Strome,  2dTo]. 
p.  115.  et  seq. 
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Olio  (lircclion.  To  juiticijiatr  nil  the  ol)joctionH  thnt  may  be  ur;.'*-*! 
against  u\y  views,  it  may  bu  iicccs.sarv  •«>  in^il.ui'*!  i^Ihiiiih-Ih  uliw  ■• 
cle|)lli  is  iiiaiiitaiiiiMi  by  tidal  curreiils. 

A  glaiici!  at  the  c.liart  of  tlic  Ilud.'^oii  in, in.tti  active  in  tliin  «:<iii 
iioition.  'J  lio  river  presents  a  broad  and  deep  cliannol  from  lli«j 
nioutli  nearly  up  to  Albany,  or  just  .«o  far  as  tlio  tide  \a  cflcctivc  in 
produeing  strong  eurrents,  'i'lie  point  wliir*.-  tlds  influence  ccanca 
marks  tlio  transition  from  a  broad  and  dt-fp  <diannel  to  a  mIjuIIow, 
tortuous  and  dillicult  one. 

Tlie  improvements  now  being  executed  in  the  ujipcr  portion  of 
tliis  river  consist  mainly  of  dispositions  intended  to  increase  the 
current,  such  asdykcs  cutting  (jIV  unnecessary  expanses  of  the  water, 
closure  of  cliutcs,  &c.,  the  object  being  to  create  a  greater  velocity 
and  force  the  current  to  take  up  a  greater  amount  of  sediment. 
Dredging  is  resorted  to  only  where  the  application  of  this  method 
would  bo  too  expensive.  One  reflection  is  important  here.  Is  it 
not  to  be  feared  that  the  material  taken  up  where  the  current  is 
artificially  increased  will  be  deposited  in  the  lower  reaches  of  the 
stream  to  the  detriment  of  navigation  ?  Iso  trouble,  so  far  as  I  can 
learn,  exists  or  is  apprehended  from  this  cause.  The  material  once 
brought  within  the  range  of  the  strong  currents  due  to  the  tides, 
cannot  remain  permanently  deposited  in  the  channels.  For  the 
same  reason,  in  a  free  channel  across  the  Cape  no  apprehension  need 
be  felt  that  material  excavated  at  one  part  of  the  channel  will  be 
deposited  in  another,  to  the  injury  of  navigation,  so  long  as  a  general 
iiiiiformity  of  cross  section  is  preserved.  ^laterial  once  taken  up 
by  the  current  is  held  in  suspension  until  the  velocity  of  the  current 
abates,  and  cannot  be  permanently  deposited  except  at  the  outlets 
where  the  effluent  current  is  brought  to  rest. 

The  East  Eiver,  between  New  York  city  and  Long  Island,  is  one 
of  the  many  instances  that  might  be  named  of  a  channel  kept  open 
by  tidal  currents. 

(To  be  continued.) 
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ON  A  NEW  MACHINE  FOR  PRODUCING  TRUE  CYLINDRICAL 
SURFACES. 

By  J.  Morton  Poole. 

Late  in  the  year  1866,  application  was  made  to  the  ftrm  of  which 
the  writer  is  a  member,  by  Jessup  &  Moore,  of  Philadelphia,  to 
construct  for  them  a  stack  of  the  rolls  used  in  their  business  for 
calendering  paper.  The  stack  in  question  was  to  be  composed  of 
nine  rolls,  eighty-four  inches  wide  on  the  face,  and  varying  in  diam- 
eter from  six  to  fifteen  inches.  The  problem  to  be  solved  was  to 
construct  this  calender  with  such  accuracy  that  when  the  nine  rolls 
composing  it  were  placed  in  position,  one  above  the  other,  the  line 
of  contact  between  any  two  adjoining  rolls  would  be  so  perfect  as 
not  to  allow  light  to  pass  through. 

Two  approximate  ways  of  effecting  this  object  were  in  use.  The 
most  common  was  to  turn  the  rolls  as  true  as  could  be  done  in  a 
lathe,  then  to  place  them  in  stands  similar  to  those  in  which  they 
worked  when  in  use,  cause  the  surfaces  in  contact  to  run  in  contrary 
directions  and  smear  them  plentifully  with  oil  and  emery,  at 
the  same  time  giving  the  rolls  a  slight  motion  of  translation  to  pre- 
vent their  wearing  in  ridges. 

The  other  method  was  to  use  a  revolving  metal  lap  with  emery  and 
oil,  verifying  the  work  as  it  progressed  with  straight-edge  and  cali- 
pers, setting  the  rolls  in  position,  marking  the  high  places,  grinding 
and  marking  again,  and  so  on  approximating  toward  perfection. 

Both  of  these  processes  produced  very  unsatisfactory  results,  and 
as  the  writer  had  in  use  in  his  business  machinery  on  a  small  scale 
for  grinding  with  an  emery  wheel,  he  designed  a  machine  to  use 
this  method  of  grinding,  on  a  scale  suf&ciently  large  to  grind  the 
large  rolls  called  for  in  the  stack.  The  drawings  were  completed 
and  the  patterns  partly  made,  when  the  conviction  before  felt  be- 
came  more  strong  with  him,  that  to  depend  for  the  accuracy  of  re- 
sults upon  the  accuracy  of  the  v/ays  of  a  grinding  machine,  which, 
however  straight  they  might  be  at  first,  would  soon  lose  their  truth 
by  the  natural  wear  of  one  part  moving  on  another,  would  only  re- 
sult in  disappointment.  At  this  juncture  there  flashed  upon  his 
mind  the  true  principle  whereby  perfection  would  be  obtained 
without  regard  to  the  perfection  of  the  ways  of  the  machine,  and 
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lio  liastciicd  to  (lu.stroy  his  pattcrriM  and  (li;iwm--  and  to  Htnrt  afrwh, 
tlio  result  being  tlie  iiwiehiiie  we  are  ah<jut  to  «lt.*.soril>e. 

Ill  llio  illustration,  K   reprcjieiits  tho  bed,  which  in  cori»truclc<l 
soinewliat  like  the  bc(l  oi'  a  planing  maeiiinc.     i>  is  a  saddle,  whicli 

slides  in  the  ways  on  the 
bed.  Suspended  to  thia 
:iddle  and  above  it,  by 
'!i»;  links  V  K,  is  a  sec- 
lid  saddle,  C,  whicli 
•  arries  two  grinding 
wheels,  H  H.  'I'hese 
wheels  are  capable  of 
.se[)arate  adjustnrient  to 
jrrind  rolls  of  difl*;rent 
diameters,  a  repre- 
sents the  roll  to  be 
ground.  The  links  sup- 
porting the  saddle,  c, 
rest  on  knife  edges,  and  every  eflbrt  is  made  to  reduce  the  friction, 
so  that  the  least  possible  force  is  required  to  cause  the  saddle  to 
vibrate.  The  saddle  c  is  also  made  exceedingly  strong  and  heavy, 
both  to  resist  any  possible  spring  and  also  to  have  sufficient  gravity 
to  resist  the  pull  of  the  driving  belts.  An  arrangement  is  provided 
Avhereby  any  amount  of  friction  may  be  put  on  the  vibration  of  the 
saddle,  even  to  the  extent  of  locking  it  fast  and  preventing  its 
vibration  entirely.  Now,  it  is  evident  that  if  the  ways  on  which  the 
saddle  D  slides  were  perfectly  straight,  the  axis  of  the  roll  a  placed 
perfectly  parallel  with  the  line  of  motion,  the  saddles  c  and  D  locked 
together,  and  the  machine  set  in  motion,  that  the  cylinder  produced 
by  grinding  would  have  the  same  perfection  as  the  "ways  on  which 
the  rest  travels.  That  this  is  impracticable  we  have  before  shown. 
It  is  also  an  impossibility  to  set  the  axis  of  the  roll  a  perfectly  par- 
allel with  the  line  of  motion  of  the  rest ;  there  will  always  be  some 
little  want  of  parallelism,  the  efiect  of  which  would  be  to  make  the 
cylinder  a  frustum  of  a  cone. 

To  illustrate  the  manner  in  which  the  accuracy  of  results  ob- 
tained is  quite  independent  of  the  accuracv  of  the  ways,  or  want  of 
parallelism  between  ways  and  axis  of  rolU  "^'e  will  assume  that  the 
ways  of  our  machine  are  curved,  or  irregular  in  form,  so  that  with 
our  saddles  locked  together,  and  the  roll  ground  with  a  single 
Vol  LXI.— Third  Series.— Xo.  6.— Jcxe,  1871.  60 
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grindePj  the  outline  of  the  roll  would  be  an  exact  copy  of  the  irre- 
gularities of  the  bed.  Consider  the  roll  a  as  having  been  ground 
in  this  way,  so  that  every  part  revolves  truly. 

We  now  relax  our  friction  arrangement,  so  that  the  upper  saddle 
is  perfectly  free  to  swing  transversely. 

Now,  the  effect  of  this  curved  or  irregular  form  of  the  ways  would 
be,  as  the  rest  traverses,  to  force  one  grinding  wheel  against  the 
roll  and  the  other  away  from  it,  but  the  saddle  c  being  free  to  move 
transversely,  yields  the  moment  the  pressure  of  the  two  grinding 
wheels  on  the  roll  would  tend  to  become  unequal,  or  rather  the 
upper  saddle  remains  stationary,  both  grinders  bearing  on  the  roll 
with  the  same  force,  and  allows  the  lower  saddle  to  move  beneath 
it  as  it  follows  the  irregularities  of  the  bed.  It  is  evident  that  these 
two  grinding  wheels,  once  adjusted  on  their  saddle,  the  distance  be- 
tween them  cannot  vary  ;  and  that  if  they  can  be  traversed  from 
end  to  end  of  a  roll  without  a  reduction  in  their. diameter,  the  roll 
revolving  truly  and  both  grinding  wheels  bearing  on  the  roll  with 
the  same  force,  that  the  diameter  of  the  roll  must  be  the  exact  dis- 
tance between  the  circumference  of  the  grinding  wheels,  and  conse- 
quently uniform.  As  all  these  requirements  are  fulfilled  in  the 
machine  just  described,  it  is  evident  it  cannot  do  otherwise  than 
produce  a  perfect  cylinder,  which  problem  it,  for  the  first  time, 
solves,  and  solves  too  in  a  manner  far  more  expeditious  than  by 
any  of  the  imperfect  and  approximate  methods  before  mentioned. 
Supplying  as  it  does  a  want  which  has  been  much  felt,  it  has  not 
failed  to  be  appreciated,  and  in  the  purpose  for  which  it  was  ori- 
ginally designed,  that  of  grinding  paper  makers'  calenders,  it  has 
nearly  superseded  any  other  method. 

The  heavy  chilled  rolls  used  in  the  rubber  manufacture  and  in 
that  of  brass,  copper,  sheet  iron,  &c.,  have  also  been  ground  by  this 
principle,  and  always  to  the  manifest  improvement  of  their  pro- 
ducts. 

The  above  description  serves  to  give  a  general  idea  of  the  prin- 
ciple upon  which  this  machine  depends  for  the  accuracy  of  its  work. 
There  were,  of  course,  many  details  to  work  out,  and  much  know- 
ledge to  be  gained  before  this  principle  could  be  reduced  to  prac- 
tice. The  first  great  difficulty  was  with  the  grinding  wheels  them- 
selves, and  their  perfection  cost  more  time,  labor  and  expense  than 
any  other  part  of  the  machine.  When  it  is  considered  that  these 
wheels  are  required  to  traverse  from  end  to  end  of  a  roll  sometimes 


Afurhiiu'/or  I'i'i'Iki,,!/   I'i  m-  f^i/h'jidrical  Surfaces,  ?t9lj 

as  loii^  as  ('i;j;lit  feet,  williout  |irrf«.'jitil)Ic  wear  or  <lirniniUioii  in 
(iiamuter,  it  will  l»o  h»'cm  wiiat  a  tliHinilt  matter  it  be<:«>ineM,  aii<l  yet 
ono  that  it  was  ii(»r(«s<4nrv  t<t  ar'C(Mii|tliM}i  ]i<?fnr(!  tin-  nmfliiiu^  wan  ft 
practical  success. 

Aliotlicr  point  tMiiy  iii-vi-iiijicii  u;i.  \\[i-  mijiM-.-iunil  v  'M  ;.'' iii'iiii;^ 
a  cyliiitlcr  trui'  without  it  was  kept  at  an  uniform  temj)crature  liy 
the  application  of  a  plcnliriil  stream  of  water.  The  uttem{)t  was 
fust  made  to  griml  dry,  hut  it  was  I'ound  that  if  the  roll.s  were 
ground  true  and  allowed  to  cool,  they  were  as  much  out  of  truth  as 
at  the  beginning  of  the  operation.  It  was  also  found  that  the 
greatest  care  was  requisite  to  have  tlie  journals  du  which  the  roll 
revolved  during  the  grinding  operation,  ground  till  they  were  truly 
round.  With  bearings  7io^  round,  in  grinding  with  a  single  grinder 
the  outline  of  the  roll  will  be  a  copy  of  the  irregularities  of 
the  bearing;  but  with  wheels  on  each  side  there  is  a  constant  strife 
between  them  to  change  the  outline  of  the  roll,  which  renders  it 
quite  impossible  to  grind  it  to  any  degree  of  truth.  It  will  thus  be 
seen  that  the  tw^o  wheels  act  as  a  check  upon  the  roundness  of  the 
bearings,  which  have  consequently  to  be  ground  themselves  on 
dead  centres  till  they  are  perfectly  round  and  true. 

The  principle  of  this  machine  has  also  been  a])plied  to  grinding 
the  rolls  of  curved  outline  required  in  the  sheet  iron  manufacture. 
These  are  of  such  a  form  that  when  heated  by  the  operation  of 
rolling  they  are  straight.  This  necessitates  their  being  smaller  in 
the  middle,  and  they  are  ground  by  placing  the  roll  in  the  ma- 
chine in  such  a  position  that  in  the  middle  of  its  length  its  axis  and 
the  axes  of  the  two  grinding  wheels  are  in  the  same  straight  line, 
and  one  end  of  the  roll  is  elevated  a  certain  distance  above  the  axis 
of  the  grinding  wheels,  and  the  other  end  depressed  a  corresponding 
distance  below.  The  result  is  that  the  curve  required  is  ground 
with  great  exactness,  and  may  be  varied  to  any  amount  of  con- 
cavity by  elevating  and  depressing  the  ends  of  the  roll  more  or  less. 

In  conclusion,  we  would  say  that  the  principle  upon  which  this 
grinding  machine  works  being  a  perfect  one,  its  work  can  only  vary 
from  the  truth  by  reason  of  mechanical  defects  or  deficiencies. 
For  example,  the  wear  of  the  grinding  wheels  in  passing  across  the 
roll  would  have  the  etfect  of  grinding  a  frustum  of  a  cone.  There 
must  be  some  wear — how  inappreciably  little  it  must  be,  and  how 
near  perfection  are  the  rolls  ground  by  this  process,  will  be  seen 
when  we  say  that  two  rolls  gently  pressed  in  contact,  with  an  end- 
long movement  given  to  one,  will  produce  a  continuous  burnished 
line  on  each  from  end  to  end,  and  that  the  rolls  composing  a  stack 
may  be  arranged  in  the  thousands  of  ways  in  which,  a  number  of 
rolls  may  be  combined,  and  they  will  still  coincide  and  touch  each 
other  throuErhout  the  whole  lensfth. 
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FORMUL/E,  RULES  AND  EXAMPLES  OF  COMPUTATION  FOR  SOME 

OF  THE  MOST  USEFUL  CASES  OF  EARTHWORK  UNDER 

WARPED  AND  PLANE  SURFACES. 

By  John  Warner,  A.  M. 

Olject  proposed. — I  shall  here  present  a  number  of  formulae  which, 
it  is  believed,  -will  be  found  useful  in  practice  and  interesting  for 
their  form  and  mode  of  derivation. 

Definition  of  the  Ground  Surface : — Straight  Work.^ — Intending,  on 
a  future  occasion,  to  treat  more  at  length  of  the  ground  surface,  I 
shall  here  only  define  it  as  assumed  for  the  present  investigation,  and 
omit  extended  remarks  on  the  practical  sufficiency  or  utility  of  the 
formulee.  The  ground  surface  is  assumed  to  consist  of  one  or  more 
hyperbolic  paraboloidal  surfaces  generated  by  the  motion  of 
straight  lines  always  parallel  to  the  vertical  end  planes  of  the  work, 

and  moving  lengthwise  of  it  upon 
straight  directrices.  The  external 
straight  bounding  lines  of  the  sur- 
face, which  connect  the  outside  cor- 
ners of  the  work,  are  always  sup- 
posed to  be  directrices,  and  the 
straight  surface  line  connecting  the 
extremities  of  the  centre  heights  at 
opposite  ends  of  the  work  is  always 
taken  for  a  directrix  when  this 
line  is  supposed  to  exist.  Other 
straight  directrices  may  be  imag- 
ined to  extend  from  points  on  the 
surface  line  of  one  of  the  end  cross- 
sections  to  points  upon  the  surface 
line  of  the  other ;  but  in  all  cases 
no  two  directrices  must  cut  the  same 
longitudinal  vertical  plane  within 
the  limits  of  the  work.  The  two 
end  cross-sections  and  the  mid  cross- 
section  of  a  piece  of  so-called  three- 
level  ground  may  be  represeBted,  in 
their  general  features,  by  the  an- 
nexed diagrams,  which  refer  to  ex- 
cavation but  will  serve  to  explain 
^  The  discussion  of  curved  work  is  here  omitted. 
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cmhankriuuit.  l»y  iiiiiigiiiiii^^  tli<!  <liagniiiis  iiivc'M<;<J.  'I'lioy  will  be 
understood  witlKJUt  ininutc  cxj)Ian:iti<jri,  Thosurfuco  linoj*  v  H,  f<.',  on 
any  cross-section  of  threolovcl  ground  uro  supjuised  to  be  htraiglit ; 
those  arc  the  gcnoniting  lines  of  t.  o  ground  Hurfa«;e,  which  move 
upon  straight  diroctrieos  passing  through  n  n,  K  K,  c  c.  The  lino 
D  KC  may  either  be  broken  in  K  or  be  u  continuous  straight  line, 
according  to  the  relative  dimensions  of  the  cross-section  under  (ton- 
sidonition.  If  n  F  c  is  a  broken  line  on  any  one  cross-section,  the 
ground  surface  will  be  divided  into  two  portions,  one  on  the  right 
the  other  on  tlic  left  of  the  centre ;  eitlier  or  both  of  which 
portions  may  be  warped  or  plane.  In  like  manner  each  of  those 
portions  of  the  surface  may  be  again  subdivided,  and  so  on,  as  long 
as  the  inequalities  of  the  surface  lines  of  the  end  cross-sections  re- 
quire this  mode  of  subdivision.  If  the  lines  K  »,  F  c,  form  a  con- 
tinuous straight  line  on  each  of  the  end  cross-sections,  the  ground 
surface  if  not  plane  may,  according  to  the  judgment  of  the  compu- 
ter, be  considered  either  as  a  single  warped  i?urface  having  every- 
where the  straight  surfiice  line  B  c,  or  the  surface  line  B  c  may  be 
considered  as  broken  at  f  on  all  cross-sections  except  those  of  the 
ends.  When  the  surface  is  a  plane,  both  these  hypotheses  merge 
into  one. 

Of  the  other  Bounding  Surfaces. — These  are  generally  plane  in 
practice.  The  present  paper  treats  the  roadbed  and  the  end  sur- 
faces as  necessarily  plane;  the  side  slopes  are  not  always  considered 
necessarily  plane,  nor  their  inclinations  necessarily  equal. 

Given  Dimensions  include  the  length  of  the  work,  the  centre  and 
side  heights,  distances,  width  of  roadbed,  and  angles  of  side  slope  ; 
but  all  these  are  not  necessary  in  every  case. 

Notation. — It  will  perhaps  be  more  convenient  to  exhibit  this  col- 
lectively than  scattered  through  the  paper,  in  order  that  the  reader 
may  refer  to  it  as  occasion  requires. 

L      =  length  of  the  work  perpendicular  to  the  cross-sections. 

B      =  width  of  roadbed. 

h       =  centre  height  G  F. 

H      =  centre  height  A  F,  from  the  intersection  of  the  side  slopes, 

on  the  mid  cross-section. 
H'     =  centre  height  A  F  on  the  first  end  cross-section. 
H"   =  centre  height  A  F  on  the  second  end  cross-section. 
H,  H',  H"  are  called  augmented  centre  heights. 
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G      =  twice  G  A,  or  the  double  augment  of  tlie  centre  heiglit ; 

G  A  is  called  the  augment  of  the  centre  height. 
yS        =  whole  width  or  total  base  M  N  on  the  mid  cross-section. 
^>      =  total  base  M  IST  on  the  first  end  cross-section. 
i^"     =  total  base  M  N  and  the  second  end  cross-section, 
tf        =  angle  of  side  slope  B  D  H  or  B  A  M. 
o'      =  angle  of  side  slope  C  E  Q  or  C  A  N. 

1  cl  =  (Jc  G',  the  distance  of  a  point  on  the  roadbed  from  the  centre, 
Sj^     =  sum  of  the  end  centre  heights  G  F. 
Dj^    z=  difference  of  the  same. 
S^    =  sum  of  the  augmented  end  centre  heights  A  F,  or  augmented 

sum  of  centre  heights  =  H'  +  H'^ 
I)^    =  difference  of  the  same  =^  H'  —  H'^ 
S^J     =  sum  of  total  bases  H  Q  or  M  N  at  the  ends  =  /5'  -[-  /S". 
Db    =  difference  of  the  same  =  /5'  —  fi'^. 
S^b    =  sum  of  the  half  end  widths  G  D  or  G  E  of  roadbed  —  B 

■when  the  width  is  uniform. 
J^\    =  difference  of  the  same  =  0  when  the  width  is  uniform. 
S'li    =  sum  of  all  the  four  side  heights  BH,  CQ;  BH  +  CQ  may 

be  called  the  total  side  height  of  a  cross- section, 
D'h    =  difference  of  total  side  heights  at  the  ends, 
S"j^    —  sum  of  the  end  side  heights  B  H. 
p'^ij  =  difference  of  the  same. 
S'"jj  =  sum  of  the  end  side  heights  G  Q. 
X)'",j  =  difference  of  the  same. 

S'^H  =  sum  of  the  augmented  end  side  heights  B  M. 
D"h  =  difference  of  the  same. 
S'"h  =  sum  of  augmented  end  side  heights  G  N. 
D'"h  =  difference  of  the  same. 
S'^^    =  sum  of  end  distances  out  G  H  or  A  M. 
J)"a   =  difference  of  the  same. 
S"U  =  sum  of  end  distances  out  G  Q  or  A  IST. 
D'^'d  =  difference  of  the  same. 

S'^(j    —  sum  of  the  marginal  distances  out.D  H  at  the  ends. 
piVj   =  difference  of  the  same. 

S^  d    =  sum  of  marginal  distances  out  E  Q  at  the  ends. 
D''  d   =  difference  of  the  same. 
Sm     ^  sum  of  the  end  side  slopes  A  B. 
Dm     =  difference  of  the  same. 
Sa      =  sum  of  the  end  side  slopes  A  C. 
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T>„  (Unrrciicc  of  the  huimo. 

A  urea  of  mid  iMoss-scctioti. 

A'     =  area  of  first  ciul  croHS-scction. 

A"   =  area  oI'hcooikI  cikI  cross-section. 

V      =  volume. 

Vp     =  volume  of  tlic  rctiuiidaiit  pri.sm  um  A  1)  K. 

V,     =  volume  contained  bct\vc(Mi  tlie  ground  .surface  and  intcrscc- 

tion  of  .side  slopes. 
Vw    =  volume  of  the  work. 

Dimensions  of  the  seccral  Cross-sections. — The  mid  cros.s  section  is 
an  hypothetical  one,  liavin;;  each  of  its  linear  dimcn.sions  and  the 
auxilliary  lines  of  its  diagram,  respectively,  the  mean  between  tho 
like  parts  on  the  diagrams  of  the  ends.  The  lines  of  the  end  cross- 
sections  will  be  found  by  adding  to  or  subtracting  from  the  mean 
dimensions  of  the  mid  cross-section,  re.«pectively,  the  half  difference 
of  the  like  end  dimensions.  Before  deriving  these  expressions  we 
will  remark  that  the  differences  of  the  end  dimensions  may,  in  the 
formulas,  all  be  regarded  as  positive  in  relation  to  either  one  of  the 
end  cross-sections,  but  that  in  the  application  of  the  formula?,  we 
must  give  each  difference  its  proper  sign,  in  order  to  know  the  sign 
of  the  product  of  the  differences.  This  is  equivalent  to  considering 
the  differences  to  be  of  like  sign  and  their  product  positive  if,  on 
the  end  cross-section  chosen,  the  greater  height  is  coupled  Avith  the 
greater  base ;  otherwise  the  product  is  negative. 

For  the  mid  Cross-section : — 

For  the  first  end  Cross -sec  tion: — 
G  F=i  (Sh  +  Dh ),  C  Q  +  B  H  =  I  (S'h  ^  D't ),  A  B  =  1  (S^-f  Dn.) 
HQ=|  (Sb  -f  Db ),  G  E  -^  i  (S'b  -f  D'b  \  A  X - 1  (Sn  +D„ ) 

For  the  second  end  Cross-section : — 

GF=i(Sh  — Dh\  CQ+BH  =  i(S'b— D'b\  AB  =  i(Sn,— D^) 
H Q=l  (St,  —  D5 ),  G E  =  i  (S'b  —  D'b  )  A^=l  (S^  — D„ ) 

We  may  also  here  note  the  following  values : — 

Sm  =  S"n  cosec  5  =  S"h  -^ — 7  =  S"d  sec.  3  =  S"d  7. 

sin.tj'  cos.  a 


400  Civil  and  Mechanical  Engineering. 


//. 


d 


sm.  ff  COS.  ff 


S,  =  S"'  H  cosec  «'  -  S'"  H  -i--  S'"d  sec.  /  =  S'^'d      "^ 


sm.  tf  COS.    a 

D.  =  D-  H  cosec  .-D-H  ^,  =  D-,  sec.  .'=W",  ^^,. 

1 


S^  =  (S"h  +  G)  cosec  0  =  (S"h  +  G) 
Dm  =  D"h  cosec  ff  =  D"h 


sm.  (J 
1 


sm.  a 

1 


S,  r=  (S'",  +  G)  cosec  .'  =  (S"'u  +  G) 
D,  =  D"^  cosec  «'  =  D'"h 


sm.  0 
1 


sm.  cs 

These  values  of  Sm,  Sn ,  Du„  Dn ,  do  not  change  their  form  if  we 
suppose  the  angles  of  side  slope  to  be  unequal,  and  hence  the  ver- 
tical line  A  F  to  cut  the  roadbed  out  of  the  centre,  as  at  G'.  But 
in  the  case  of  unequal  angles  of  side  slope,  put  G  G'  =  |  c?,  and 
consider  it  positive  when  B  A  M  is  less  than  C  A  K,  and  negative 
in  the  opposite  case.  We  shall  then  find  the  following  values, 
which  will  also  hold  for  equal  angles  of  side  slope  by  putting 
d  =  0. 
D  G'  =  D  G  +  G  G'  =  I  (B  -f  (^) ;  G'  E=:  G  E-G  G;'  =  l{B—d). 

Sm  =  (S-d  +  B  +  fZ)  sec  «  =  (S-d  +  B  +  ^)  -f- . 
Dm^B'^-dsec.  «  =  D'^d  . 

COS.    (J 

S,  =  (S-  ,  +  B  —  cZ>  sec.  a'  =  (S%  +  B  —  cZ)  ^^,. 
D„==D^dsec.  n'=J)' 


COS.  o' 

(To  be  continued.) 
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AN  EXAMINATION  OF  SOME  EXPERIMENTAL  FACTS  BEARING  UPON 

THE  PROPER  RATIO  OF  THE  LENGTH  AND  BREADTH 

OF  STEAMSHIPS. 

15 V  Ai.han  C.  Stimkkm,  Nnvul  KiigirifeiT. 
(ConcltHlf'd  from  pago  W.K) 

In  tho  iol lowing  tabic  tlio  foregoing  moan  ratios  of  length  to 
breadth  are  ern})loyo(l  in  tlic  same  manner  as  before  to  obtain  tlic 
})cr  centum  of  clisplaceinent  rLMpiired  for  tlie  longitudinal  iron  of 
the  hulls. 


a. 

b. 

c. 

d. 

e. 

f. 

g.      ;      1'. 

k. 

m. 

Class. 

Ratio 

of 
L  toB. 

I-. 

li. 

D. 

Surface. 

►         1     ' 
If          1  = 

1  000001 -COOOfi 

HI 

fir 

Example. 

6-33 

6-333 

1-000 

0-600 

14-0277 

1  00000 

18-40 

A 

3-88 

4-167 

1-233 

0  740 

11 -5687  0-82470  0-53308 

0-44012 

8-in 

B 

415 

4-777 

1-151 

0-691 

1 2-3021  ;0-87090  0-65526 

0-57465 

10-57 

C 

4-71 

5-199 

1-104 

0-662 

12-7771 

0-91085  0-74368 

0-67738 

12-46 

D 

571 

6-911 

1035 

0-621 

13  5761 

0-96786  0-90158  0-87260 

1606 

E 

6-98 

6-757 

U968 

0-581 

14-4727 

1-03172  l-10210'l-13761 
1              1 

20-92 

Adding  3  per  centum  for  transverse  stiffening  and  15  per  centum 
for  equipments  in  the  same  manner  as  before,  and  we  have  for  the 
total  "weights  of  vessel,  exclusiv^e  of  machinery,  coals  and  cargo,  the 
following : — 

Class  A 26-10  per  centum  of  the  di.=placement. 

"     B 28-57    "         "  "  •' 

"      C 30-46    "         "  «'  " 

"     D 34-06    "         "  " 

"     E 88-92    "         "  "  " 

These  weights  of  vessel  are  taken  in  connection  with  the  coeffi- 
cients of  performance  of  each  class  as  before  to  determine  the  actual 
displacements,  powers  and  weights  of  steam  machinery  and  weights 
of  coals  necessary  in  each  case  to  carry  3,000  tons  of  cargo  a  dis- 
tance of  3,000  miles  in  ten  days.  The  results  are  given  in  the  fol- 
lowing table: — 

Vol.  LXI.— TnrRD  Series.— No.  6.— Juse,  1871.  51 
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Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

$ 

$ 
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A 

159-2 

3,000 

1,416 

379 

1,262 

5,426 

3,788 

354,000 

151,620 

505,620 

B 

18M 

3,000 

1,5)4 

334 

1,112 

5,442 

3,336 

388,500 

133,440 

521,940 

(3 

197!) 

3,000 

1,674 

307 

1,024 

5,493 

3,072 

418,500 

122,880 

541,380 

D 

198-1 

3,000 

1.990 

320 

1,078 

5,844 

3,199 

497,500 

127,960 

625,460 

E 

252-4 

3,000 

2,347 

256 

854 

6,030 

2,564 

586,750 

102,560 

689,310 

Let  tlie  annual  expense  of  capital  be  32  per  cent.,  and  the  coal 
account  represent  eight  round  trips  per  annum  with  coal  at  $6  per 
ton  in  the  bunkers  as  before  ;  and  we  have  the  comparative  annual 
expense  in  the  following  table : — 


Class, 

A, 

B. 

C, 

D. 

E, 

Annual  expense  of  capital, 

161,766 
121,152 

$ 
167,021 
106,752 

$ 
173,242 

98,304 

$ 
200,147 
103,488 

220,579 

81,984 

Total  of  the  variable  expenses,.. 

282,918 

273,773 

271,546 

303,635 

302,563 

Again  assuming  the  gross  earnings  of  each  ship  per  annum  at 
$360,000  above  the  unenumerated  expenses  and  the  net  earnings  will 
be  as  follows  : —      - 

Class  A $77,082 

'•   B 86,227 

"   C 88,454 

"   D 56,365 

"   E..,. 57,437 

And  the  per  centa  which  these  sums  bear  to  the  first  cost  of 
the  ships,  or,  in  other  words,  to  the  amount  of  capital  invested,  are 
as  follows : — 


Class  A 15-25 

"      B 16-52 

«'      C 16-34 

"      D 9-01 

<«      E 8-33 
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Agiiiii,  lIio  niti(j  of  fi>iir  Icn^^llin  to  otm  Ijn.-ailtli  prijvcs  a  hoilor 
piopoiLioii  for  curniii^  lar^o  «livi<lcinl.s  upon  iIkj  <:a{)ital  iiivoMt<;«4 
tliaii  :iiiy  lii^^liur  ratio;  l>iit  :i;-Miiii,  tlic  dillcrcnco  between  tliiH  and 
tlio  ratio  of  5  to  i  is  essentially  iiotliin;/,  boiiij^  only  01^  of  (ine  per 
cunt.  Tlio  exucss  over  tlie  ratio  of  0^58  to  1  is  only  0'77  of  <^ne  per 
cent.,  while  over  that  ofoTl,  or  .say  0  to  1,  it  is  7'0l  per  cent.,  and 
over  that  of  7  to  1  it  is  8'10  per  cent. 

It  might  bo  claimed  tliat  wo  would  get  more  sati.sfactory  results 
if  wc  were  to  select  from  each  class,  the  ves.scl  which  shows  the 
best  coefficient  of  performance.  I  have,  therefore,  done  this,  and 
give  the  particulars  in  the  folhjwing  table: — 


lu  the  followiniT  table  the  above  ratios  of  lencrth  to  breadth  are 
employed  in  the  same  manner  as  heretofore  to  obtain  the  propor- 
tion which  the  weiorht  of  the  loncritudinal   iron  bears  to  the  dis- 

O  O 

placement. 


a. 

b. 

c. 

d. 

e. 

r.          . 

h. 

k. 

m. 

Class. 

Ratios 

of 
L  to  B. 

L. 

B. 

D. 

Surface. 

5£ 

> 

is 
1- 

.2  3 

w,  =  5 

O  a  '■ 

.  '^ 
^£  0 

=  =.-3 

Example 

6-33 

6-333 

I.OCO 

0-600 

1 
14-02771-00000 

1-00000 

1-00000 

18-40 

A. 

3-37 

4-159 

1-234 

0-740 

11-5550  0-82373 

0-53240 

0-43860 

8-05 

B 

8-96 

4-631 

1-169 

0-702 

12-1178  0-86385 

0-62385 

0-53891 

9-92 

C 

5  18 

5-539 

1-069 

0-642 

13-16120-91687 

0-81789 

0-74990 

13-80 

D 

5-77 

5-952 

1-032 

0619 

,13-61710-97074 

0-91105 

0-88439 

16-27 

E 

7-38 

1 

7-013 

0-950 

0-570 

14-7329  1-05027  1-16526 

1-22384 

22-52 

Adding  to  the  quantities  in  column  m,  the  3  per  cent,  for  trans- 
verse stiffening  and  15  per  cent  for  equipments  in  the  same  manner 
as  heretofore  and  we  have  the  following : — 
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Class  A 26-05  per  centum  of  the  displacement. 

.1      'c         27*92    "  "  "  " 

"      C 81-80    "  "  "  " 

"      D 34-27    "  "  "  " 

"      E 40-52    "  "  "  *» 

These  -weights  and  the  coefficients  of  performance  of  eachi  class 
in  this  case  are  employed  as  heretofore  in  the  following  table : 


^ 

■~.  o< 
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■Tc-afl 

OJ3 

=  a 
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^^1 

^^ 
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ssa 

5=^ 
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Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

$ 

$ 

S 

A 

196-2 

3,000 

1,335 

296 

986 

5,124 

2,958 

333,750 

118,320  452,070 

B 

208-6 

3,000 

1,452 

281 

936 

2,201 

2,810 

863,000 

112,400  475,400 

C 

245-7 

3,000 

1,701 

244 

810 

5,350 

2,432 

425,250 

97,280  522,530 

D 

247-5 

8,000 

1,909 

248 

826 

5,570 

2,480 

477,250 

99,2001576,450 

E 

297-4 

8,000 

2,440 

217 

724 

6,019 

2,173 

610,000 

86,920  696,920 

Assuming  the  annual  expenses  for  capital  and  for  coals  at  the 
same  rates  as  heretofore,  and  we  have  the  results  in  the  following 
table : — 


Class. 

A. 

B. 

C. 

D. 

E. 

$ 

144,662 

94,656 

$       ■ 
152,128 
89,856 

$ 

167,201 

77,760 

$ 

184,474 

79,296 

$ 
223,020 

Annual  expense  of  coals 

69,504 

Total  of  the  variable  expenses... 

239,318 

241,984 

234,961 

263,770 

292,524 

With  tbe  gross  earnings  the  same  as  has  been  heretofore  assumed 

the  net  earnings  will  be  as  follows : 

Class  A $120,682 

..      B 118,016 

u      c 125,039 

u      D 96,230 

i<      E 67,476 

And   the  per  centa  which  these  bear  to  the  first   cost  of  the 

ships  are  as  follows  : — 

Class  A 26  70 

n     B       24-82 

<"     c.' 23-93 

<«     D 16-69 

u     E 9  68 


Ratio  0/  the  JjCH'jth  (lad  Uicudtli  uj  Utetu/is/ujj'i. 


10/ 


lI(!rotlio  ratio  of  lijj    Iciij^lIim  to   1  hreaJth  in  tbo  hij|><!i ).h  j.i<> 
portion  lor  ojiniiii;^  iiunicy  on  u  tiaiisalluiitit;  voyage.      It  will  pay 
1*88  per  cent.   Ijcttrr  dividcndH  tliaii   tin;  ratio  of  1  to  1  ;  2*77  per 
cent,  bettor  than  5  to  1  ;   1<>  per  cent.  Iiclit-r  llian  i\  to  1,  and  17  per 
cent,  better  than  7i|  to  1. 

When  u  capitalist  inve.'^t.s  money  in  a  .sli-ain.siiip  t.-nterprise  he 
does  so  for  the  purpose  of  inuking  sncb  capital  produetive.  There 
is  no  advantag(i  to  him  in  achieving  a  high  eoefTicient  of  engineer- 
ing performance  unless  there  is  connected  with  it  a  correspondingly 
higb  rate  of  dividends.  In  this  counliy  it  is  also  an  advanaage  in 
favor  of  any  peculiarities  of  tliesteamshii»  if  ihey  reduce  the  amount 
of  capital  recpiired  to  inaugurate  the  desired  undertaking. 

In  the  following  table  is  stated  tbe  advadtages  and  di.sad vantages 
in  these  respects  of  the  various  })roportions  of  length  to  breadth 
just  examined  as  developed  by  the  trials  at  the  measured  mile  of 
Eno;lisb  naval  screw  steamers. 


• 

Compiirnt 

ve  Biiinuiit 

1 

ofcapitiil     ! 

Annual  DividenJo  earuerl  whfii  longe't 

reiiu 

red,  Mcconli 

ng  to 

vessels  pay  expenses  oi.ly,  accurdiug  to 

Untio 
of 

Class. 

L.  to  B. 

Means  of 
all  the 
Vessels. 

Means  of 
b-tter  half 
of  vessels. 

Best  vessel 
in  each 
class 

Means  of  nil 
the  vessels. 

Menna  of  better 

half 

of  vessels. 

Best  vessel  in 
each  class. 

A. 
B. 

3J  to  I 
4    to  1 

75 

75 

73 

76 

65 
G8 

4  per  cent. 

8    "      " 

7  percent. 

8  "      " 

17  percent. 
15    "      " 

C. 

5    to  1 

80 

79 

75 

7      i.         a 

8    '<      " 

14    '^      " 

D. 

r.    to  1 

90 

91 

83 

2    '•      " 

1     "      " 

7    "      " 

E- 

7    to  t 

100 

lOJ 

100 

,„„   .. 

0    "      '• 

0    "      " 

In  choosing  the  proportion  which  should  be  given  to  a  proposed 
transatlantic  steamer,  the  above  table  would  indicate  that  of  -i  to  1 
as  being  the  most  profitable,  the  rate  of  dividends  being  a  little 
higher  than  that  of  5  to  1,  but  the  difference  is  very  slight,  and  in 
every  case  the  absolute  net  earnings  are  the  greatest  Nvith  the  pro- 
portion of  5  to  1,"  whence  the  dividends  would  be  greatest  with  that 
proportion  under  circumstances  which  reduced  the  earnings  to  the 
expenses  of  the  shorter  ships. 

The  lesson  which  this  investigation  of  these  trials  teaches  is, 
therefore,  I  think,  clearly  in  favor  of  giving  transatlantic  steamers 
tbe  proportion  of  5  lengths  to  1  breadth. 
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NOTES  ON  CRYSTALLOGRAPHY. 

By  W.  H.  Wahl. 
A  CRYSTALLOGRAPHic  SYSTEM  is  well  defined  as  the  assemblag-e 

O 

of  all  the  simple  forms  built  upon  the  same  law  of  symmetry,  and 
of  all  the  possible  combinations  of  these  forms  with  each  other. 

In  previous  papers  it  was  noticed  that  if  a  comparison  was  insti- 
tuted between  the  axial  crosses  of  different  crystals,  they  would  be 
found  to  differ  essentially  from  each  other.  If  these  differences  are 
carefully  studied,  one  cannot  fail  to  be  impressed  with  the  fact  that 
they  are  deep  seated,  and  that  they  are  the  infallible  indicators  of 
characteristic  pecularities  in  the  internal  structure  of  crystals ;  pe- 
culiarities which  affect  in  a  remarkable  degree  their  so-called  phy- 
sical properties.  The  behavior  of  the  individual  towards  light, 
heat  and  electricit}^ ;  the  relative  hardness,  lustre  and  tenacity  of 
its  parts  seem  to  be  absolutely  dependent  upon  the  character  of  the 
axial  framework  about  which  it  is  built  up. 

It  is  clear,  therefore,  that  if  a  rational  classification  of  crystals 
can  be  instituted,  based  upon  their  axial  resemblances  and  dissimi- 
larities, the  clue  has  been  found  which  will  guide  the  student  from 
the  labyrinth  of  confusion  into  which  the  contemplation  of  an  al- 
most infinite  variety  of  form  has  placed  him.  It  will  be  no  barren 
labor,  but  one  well  calculated  to  impress  the  mind  of  the  novice 
with  surprise  and  pleasure,  to  delve  into  this  labyrinth  and  to  find 
how  readily  complexity  resolves  itself  into  simplicity — to  find  in 
forms  totally  unlike  and  to  all  appearances  totall}^  unrelated,  the 
game  law  of  symmetry,  simple  and  unmistakable,  uuitini;  them. 

Crystallographers  do  not  construct  for  each  crystal  all  the  pos* 
sihle  axes  in  explaining  its  properties  and  relations.  Such  a  pro- 
cedure would  render  hopeless  indeed  any  attempt  at  classification, 
as  a  momentary  inspection  of  the  accompanying  figures  will  show. 
The  figures  here  represented  are  known  as  the  Octohedron,  Hexa- 
hedron (cube),  and  Dodecahedron  respectively.  As  will  hereafter 
be  shown,  these  forms  bear  to  each  other  a  close  relationship  ;  but 
we  should  seek  this  relationship  in  vain  if,  for  instance,  the  angles 


I'iu,  I. 
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were  tiikeu'as  ihc  points  ol  departure,  and  the  axes  were  as.sume<l 
as  joiningthem.  With  the  Octohedron,  then,  we  should  find  three, 
with  the  Hexahedron  four,  and  with  the  Dodecahedron  seven  axes, 
and  these  axial  systems  differ  from  each  other  not  only  as  regards 
number,  but  also  in  their  mutual  inclination  and  length,  and  the 
conclusion  we  should  be  warranted  in  asserting  from  such  premises 
would  be,  that  the  forms  in  question  were  wholly  unrelated  ;  a 
conclusion  quite  at  variance  with  that  announced  above.  Without 
entering  further  into  the  details  of  similar  comparisons,  which 
might  be  multiplied  at  pleasure,  it  may  be  stated  that  the  most 
exhaustive  studv  of  manv  forms  has  led  to  the  belief  that  a  cross  of 


Fig.  4. 


F'lS'  y 


three,  or  at  most  of  four  lines  uniting  certain  terminal  parts  consti- 
tutes the  true  framework  about  whicli  the  parts  have  been  located 
with  more  or  less  symmetry.    By  far  the  greater  number  of  crystals 
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are   analyzed   by  three  such  imaginary  lines,   while  but  a  com 
paratively  small  number  require  four  ;  none,  however,  have  as  yet 
been  found  in  nature  or  prepared  in  the  laboratory  which  required 
more  than  four  axes  for  its  complete  elucidation. 


Fii 


Fij 


A  glance  at  the  preceding  figures  will  show  some  forms  with 
three  and  with  four  axes. 

Here,  then,  we  have  obviously  before  us  one  of  those  axial  dif- 
ferences so  pregnant  with  importance  in  originating  those  physical 
peculiarities  previously  alluded  to.  Whether  or  not  this  alone  is 
sufficient  to  account  for  all  the  physical  characteristics  presented  by 


Fi.o-.  9. 


Fia;.  8- 


Fio;.  10. 


various  crystals,  is  a  query  which  can  only  be  answered  upon  fur- 
ther analysis.  An  inspection  of  several  crystallized  minerals  may 
answer  it.     Orthoclase,  Dichroite  and  Eock-salt  are  three  minerals 


Noti-H  on  ('ri/.;lullt)</r<ip/ii/.  lO'J 

I'lysliilli/iii;^  iti  luriiis  wliiuli,  su  far  us  tin:  immln'r  of  lln-ii 
live  uxiul  .sysietii.s  is  coikhtiicmI,  art!  idciiticiil ;  «;a<;li  iiniivi'i 
lliroo  iixos,  but  as  rogtinls  tlieir  phvsicul  pro))ertios,  iIiomo  minerals 
stand  strongly  contrasted.  Tlic  crystal  of  tlio  last  named  may  bo 
cleaved  with  ecjual  peri'cction  fii  three  directions,  corresponding  to 
the  direction  of  the  axes,  llie  lustre  of  each  of  the  faces  is  the  same, 
and  tlic  light  or  heat  rays  in  their  passage  through  the  crystal  in 
;iny  direction  are  siinilarly  alVected.  The  individual  of  the  second 
mineral,  by  its  peculiar  action  u])<jn  the  light  which  it  transndls 
rovoals  a  complete  difierence  in  its  internal  structure  from  the  cue 
just  considered.  The  light  which  reaches  the  eye  after  passing 
through  it  in  the  direction  of  one  of  the  axes,  is  blue,  wliile  that 
which  passes  in  the  direction  of  either  of  the  otliers  is  yellowish. 

With  Orthoclase,  we  have  a  cleavage  nearly  perfect  in  tlie  direc- 
tion of  one  of  the  axes,  less  perfect  in  another,  while  in  the  third,  it 
is  nearly,  if  not  altogether  wanting.  The  lustre  of  its  surfaces  also 
is  not  the  same,  certain  ones  having  the  appearance  of  mother  of 
pearl,  others  the  strong,  even  lustre  of  glass- — properties  strikingly 
different  from  the  behavior  of  rock  salt. 

Here,  then,  we  have  examples — they  might  be  duplicated  by  the 
score — which  clearly  indicate  that  the  characteristics  of  crystals 
are  but  imperfectly  accounted  for,  in  the  classification  thus  far  es- 
tablished ;  which,  as  will  be  remembered,  is  a  classification  based 
simply  upon  the  number  of  the  axes. 

If  the  crystals  just  instanced  are  subjected  to  a  closer  scrutiny, 
we  shall  not  fail  to  bring  to  light  certain  differences  in  these  appa- 
rently identical  axial  systems  upon  which  important  functions  de- 
pend, and  to  which  the  unconformable  behavior  of  our  examples 
may  unhesitatingly  be  referred.  Instituting  the  comparison  be- 
tween the  crystals  of  Rocksalt  and  Dichroite — a  difference  in  the  rela- 
tive lengths  of  the  axes  in  each  will  be  observed— with  the  first,  all  the 
axes  are  equal  in  length  ;  with  the  second  all  the  axes  are  unequal. 
In  every  other  respect  the  framework  of  these  substances  is  identi- 
cal ;  with  both,  the  axes  are  three  in  number  and  intersect  at  right 
angles.  Upon  this  difference,  therefore,  in  the  relative  lengths  of 
their  axes,  the  peculiar  behavior  of  the  minerals,  Eocksalt  and  Di- 
chroite, in  relation  to  the  perfection  with  which  they  cleave  in  dif- 
ferent directions,  and  their  action  upon  the  character  of  the  light  or 
heat  they  transmit,  must  depend.  Between  the  individual  of  Eock- 
salt and  Orthoclase  the  same  dissimilarity  exists  as  we  have  found 
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between  the  first  and  Dichroite,  afTording,  if  it  were  desired,  a  sub- 
stantiation of  the  proposition  just  asserted,  Bj  comparing  together 
the  crystal  of  Dichroite  and  Orthoclase,  an  axial  dissimilarity  of  anew 
character  presents  itself.  It  is,  namely,  that  though  in  the  number 
and  in  relative  irregularity  of  the  individual  axes,  the  framework 
of  the  two  is  the  same,  yet  in  the  first  named  the  axes  all  intersect 
at  right  angles ;  while  with  the  last,  certain  of  the  axes  intersect  at 
oblique  angles.  This  dissimilarity,  while  it  does  not  seem  to  deter- 
mine any  of  the  great  classes  of  physical  differences  in  crystals, 
is  yet  the  originator  of  a  degree  of  dissymmetry  unknown  with 
crystals  devoid  of  axial  obliquity.  It  is  of  inestimable  service  in 
furnishing  us  with  an  additional  basis  upon  which  to  carry  our  classi- 
fication of  crystals  to  an  extent  so  exhaustive,  that  the  various 
groups  thus  established  are  not  unwieldy  or  complex,  but  simple 
and  readily  managed. 

The  analysis,  to  recapitulate,  then,  to  which  we  have  subjected 
various  crystals  in  relation  to  their  axes,  has  resulted  in  the  detec- 
tion of  differences  of  three  kinds,  by  which  they  can  be  rationally 
divided  into  groups  and  systems.  To  evolve  these  groups  and  their 
mutual  relations  is  the  last  step  to  be  taken.  Proceeding  from  pro- 
perties which  affect  the  greatest  number  or  the  whole  body  of  crys- 
tallized substances,  we  may  be  able  to  divide  them  all  into  several 
great  groups ;  each  of  these  may  subsequently  yield  to  subdivision 
by  the  presence  or  absence  of  certain  properties  less  general  than 
that  which  determined  the  first  division,  and  this  process  of  differ- 
entiation is  continued  nntil  it  ceases  to  be  advantageous. 

The  most  general  division  which  can  be  made  of  crystals  is  one 
which  depends  upon  the  number  of  the  axes*  As  has  already  been 
mentioned,  these  are  in  every  case  either  three  or  four.  It  is  pos- 
sible, therefore,  upon  this  principle,  to  establish  two  general  groups, 
into  one  or, the  other  of  which,  all  crystallized  substances  will  fall, 
viz.,  the  triasial  and  quadraxial  groups.  By  far  the  greater  number 
of  crystals  will  be  found  to  fall  under  the  first  of  these  groups,  and 
by  taking  advantage  of  the  knowledge  derived  from  the  examples 
previously  given,  this  group  (the triasial)  maybe  farther  differenti- 
ated. The  three  axes  of  the  group  either  intersect  each  other  at 
right  angles,  or  they  do  so  at  angles  more  or  less  oblique  i  the  triax- 
ial  group  may  therefore  be  divided  into  two  sub-groups-^-Ortho- 
metric  from  (opOof  straight,  and  Msfpo;^,  measure),  in  which  all 
the  axes  form  reatangular    intersections ;  and   Clinometric  (from 
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Kxtf^,  1  iMcluic,  ;iMil  Mirpc,  iiicnMurc),  in  which  one  or  rnoro  of  the 
axos  I'orm  oblicpu;  iiitLTseclionM. 

IJy  kooping  Htill  in  mind  the  IcMsim  learned  fn^ni  the  cx.'implo  of 
the  throe  minerals,  ii  snlxli  vision  of  the;  orlhomelric  and  clinomctric 
sub-j^'roups  is  reudily  miinn^cd.  The  only  nnnpplied  feature  re- 
iimining  is  the  rciulivo  imnjuulity  or  difl'orences  in  the  lengths  of 
the  axes.  This  we  will  proeeed  to  a{)ply  ;  and  wcare  thus  enabled 
to  establish  the  following  systems: 

From  the  orthometric  sub-group  there  may  be  obtained ; 

The  Monometric  (or  llegular)  system,  in  which  the  three  axes 
crossing  at  right  angles  are  all  C(|ual  in  length. 

The  Dimctrio  (or  Quadratic)  system,  in  which  two  of  the  three 
axes  are  equal  in  length,  while  the  third  is  either  greater  or  less. 

The  Trimetric  (or  Orthorhombic)  s^'stem,  which  differs  from 
the  otliers  in  the  essential  particular  that  all  the  axes  are  unequal. 

From  the  clinoraetric  sub-group  there  may  be  obtained  thrf.-  sv-;. 
tems,  though  only  the  two  given  below  occur  in  nature. 

The  ^[onoclinic  system,  in  -which  two  of  the  three  axes  intersect 
obliquely,  while  the  third  cuts  both  of  them  at  right  angles. 

The  Triclinic  system,  in  which  each  of  the  three  axes  forms  an 
oblique  intersection  with  the  others. 

The  quadraxial  group  is  not  susceptible  of  further  analN'sis,  as 
but  one  system  has  as  yet  been  recognized  under  it,  namely  :  the 
hexagonal  system  :  in  which  three  of  the  four  axes  lie  in  one  plane, 
intersect  each  other  at  an  angle  of  60°,  and  are  equal  in  length;  while 
a  fourth  axis  of  varying  length  is  placed  vertically  upon  them. 

The  study  of  the  individual  forms  occurring  under  each  of  these 
systems,  as  well  as  the  general  character  of  the  respective  systems, 
will  form  the  material  for  subsequent  papers.  The  results  of  this 
exhaustive  analysis,  with  the  statement  of  which  this  note  may 
close,  are  conveniently  represented  by  the  accompanying  tabular 
arrangement. 

GROUP.  '  SUB-GROUP.  SYSTEM. 

i  Monometric. 
Orthometric^     ...      -  Dimetric. 
I  (  Trimetric, 

\    rii-         4   •  i  ^[onoclinic. 

I  ^l^^ometr.c,      •     •     •      "^  Triclinic. 


Triaxial, 


Quadraxial, -|  Hexagonal. 
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PENNSYLVANIA'S  FOUNDATION  STONES. 

Lecture  delivered  before  the  Franklin  Institute,  Thursday,  Dec.  22d,  1870. 
By  Pkof.  Leeds, 

(Continued  from  page  345.) 
The  Position  of  Pennsylvania  in  the  Geological  Scale. 

The  crust  had  hardened  on  the  fiery  deep.  The  earth  had  been 
one  vast  crucible.  From  myriad  points  ran  out  diverging  lines  of 
crystalline  force,  as  when  the  first  blasts  of  winter  strike  down  upon 
the  surface  of  the  ponds.  The  school-boy  hastening  to  the  noisy 
class-room  shouts  with  ecstasy,  because  he  knows  that  these  long- 
needles  of  ice  before  nightfall  will  have  linked  themselves  into  a 
fast  net-work,  in  whose  loops  a  million  tinier  crystals  shall  be  caught, 
and  the  whole  shall  have  hardened  into  a  faultless  mirror.  From 
point  to  point  covering  the  globe  with  as  many  lines  as  those  which 
show  the  mariner  on  his  faithful  chart  his  place  upon  the  trackless 
deep,  from  zone  to  zone  shot  forth  the  rock  crystals.  A  house  that 
is  to  be  built  upon  shifting  sands  must  needs  have  firm  foundation, 
a  bridge  that  spans  a  torrent  must  root  its  abutments  deep  in  either 
bank,  and  plant  its  piers  like  feet  where  the  shock  of  the  trunks  and 
hulks  of  boats  and  huge  stones  carried  down  when  springtime 
swells  its  stream  into  a  freshet,  can  never  budge  them. 

Upon  the  fiery  lake  that  has  no  bottom,  upon  the  lava  that 
stretches  down  to  the  earth's  centre,  upon  the  flints  and  sand  more 
liquid  than  what  the  fire-pot  of  the  glass-house  shows,  Upon  molten 
metal,  compared  with  which,  the  red  hot  rivulets  that  flow  into  the 
hissing  troughs  when  the  iron  furnace  is  tapped,  are  cold  and 
sluggish,  a  foundation  is  to  be  laid  that  shall  endure  until  the  last 
great  day  of  doom.  Over  a  fiery  liquid  which  rose  and  fell  with 
every  change  of  moon,  and  rolled  great  tidal  waves  around  the  earth 
with  the  yearly  and  dinrnal  revolution  of  the  sun — that  piled  itself 
up  into  a  great  mountain  over  26  miles  in  height  about  the  equator 
flung  upwards  from  the  poles  as  the  earth  spun  round  at  the  rate  of 
3  miles  per  second — that  had  its  surface  currents  streaming  onward 
to  Polar  Seas,  and  its  submarine  currents  flowing  downward  to- 
wards the  middle,  as  now  the  gulf  and  arctic  streams  change  and 
purify  the  five  great  oceans — over  this  whirling  tide  a  floor  is  to  be 
laid  upon  which  the  bohemoth  and  the  mastodon  may  walk  without 
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llic  sli^lilcsL  titMiior  to  turriiy,  ainl  wIutu  llio  linicsL  iiiHOct  tliut  cu- 
joys  tliu  brcalli  of  lilo  shull  ^uinUol  in  tlic  suiiMliiiic,  unconHciouii  of 
iIk!  iihyss  that  yawns  bunoutli — over  phosfjlioiic  fumes,  lliat  wouM 
till  the  air  with  honor,  over  sulphurous  vaporw  tliat  would  l)loacli 
ami  sulVooato,  over  ^as(!s  that,  would  iiiaU'c  of  earth  a  sepulelire,  a 
house  is  to  he  hiiih  that  shall  Ix-  man's  ;/Iorious  hahitati(-»n. 

Therelbre  were  unyielding  blocks  of  hornljh.'iidf!  used  for  the 
foundation.  And  not  only  hornblende,  ])ut  porpliyry  and  basalt, 
and  chiefly  that  most  enduring  buiMing  stoue  of  all,  aoli<l  ^raiiite. 
Thoy  wore  dovetailed  and  morticed  one  into  the  other  by  interlacing 
crystals,  and  where  they  showed  si^^ns  of  cracking,  dykes  of  metal 
were  pierced  through,  as  builders  key  the  walls  of  granaries  and 
warehouses  together  with  iron  girders. 

Thus  was  the  foundation  laid  by  which  the  vast  superstruciuro 
was  to  be  supported. 

And  when  all  bad  been  done,  and  streugth  suHlcient  was  given 
to  last  even  to  this  present  da}',  a  great  excess  of  material  remained. 

What  was  to  be  done  with  it  ? 

It  was  to  be  made  the  soil  and  home  of  innumerable  plants  and 
animals. 

When  we  wish  that  a  plant  should  flourish,  we  dig  about  its  root 
and  break  up  the  ground  into  clods,  so  that  its  tender  rootlets  may 
be  strong  enough  to  push  their  way  through  every  chink  and  cre- 
vice, and  find  drink  and  nourishment  awaiting  them. 

When  an  animal  would  live  it  tears  its  food  to  pieces,  so  that  the 
juices  may  flow  out  and  the  acids  of  the  stomach  may  seize  upon 
each  morsel  of  gelatine  and  fibre. 

When  the  earth's  first  crust  was  to  be  made  ready  to  receive 
plantdife  and  animal,  it  had  to  be  ploughed  up  and  harrowed,  it 
had  to  be  channelled  and  crevassed  and  scooped  into  hill  and  dale, 
and  to  be  made  soft,  yielding,  porous. 

Things  crystalline  are  strong  but  lifeless;  things  full  of  holes  and 
cells  are  plastic,  organic,  living.  Granites  and  porphyry s  are  good 
for  foundation  walls,  but  muds  and  sands  make  good  ground  for 
tillage. 

■  Water,  as  I  said  in  my  first  lecture,  has  been  this  great  mediator 
between  the  inorganic  and  organic  kingdom,  the  power  which 
evoked  life  from  the  dead,  and  beauty  and  motion  from  the  barren 
sea. 

On" a  thousand  millstreams  water  is  busy  in  doing  its  work  for 
man.     It  is  grinding  the  crops  into  food.     It  is  knitting  fibre  into 
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stuff.  It  is  pounding  the  products  of  the  furnace  into  bar  and  rail 
and  bloom.  Endless  cranks  and  pulleys,  levers,  pistons,  saws  and 
hammers  are  spinning  and  whirling  and  falling  at  its  bidding. 

But  how  much  of  the  power  of  the  mill-stream  is  consumed  after 
it  has  prepared  man's  tools,  food  and  garments?  AVith  how  much 
less  energy  does  Niagara  plunge  headlong  into  the  Emeral  Pool 
because  some  child  of  mammon  has  perched  an  obscure  papermill 
upon  its  brink  ? 

With  the  first  drop  of  rain  that  fell  from  the  heaven  above,  with 
the  first  hill,  however  low,  with  the  first  lap  of  the  ocean  upon  the 
shore,  with  the  first  heaving  of  the  tide,  water  commenced  to  wear 
away  the  coping  of  the  foundation  and  build  up  the  superstructure. 
Fourteen  miles  of  rock,  piled  one  above  the  other,  attest  the  tho- 
roughness with  which  it  has  done  its  work. 

I  say  fourteen  miles  instead  of  seven,  as  I  stated  at  the  outset, 
because  I  believe  the  considerations  which  have  been  brought  for- 
ward are  sufficient  to  overthrow  the  theory  that  the  37,000  feet  that 
underlie  the  hitherto  so-called  fossil  bearing  rocks  were  the  strati- 
fied sediments  deposited  upon  the  sea-bottom  from  the  ashes  of 
submarine  volcanoes,  viz.,  that  the  granites  and  other  crystalline 
rocks  found  in  these  87,000  feet  graduate  imperceptibly  into  gneiss 
and  non-crystalline  rocks  ;  that  the  granites  are  interstratified  with 
mud  slates  and  other  layers  arising  from  the  debris  of  crystalline 
rocks,^  and  finally  that  fragments  of  crystalline  rocks  are  found 
mingled  in  with  sedimentary  beds  of  later  origin. 

If  any  doubt  remained  it  would  be  crushed  by  this  little  stone 
that  I  am  now  holding  in  ray  hand.  It  came  from  the  Laurentian 
rocks  of  Canada.  It  was  given  by  its  discoverer,  Dr.  Sterry  Hunt, 
the  chemist  of  the  Canadian  survey,  to  my  friend  Mr.  Trautwine, 
the  eminent  civil  engineer  of  this  city.  It  shows  a  polished  surface 
of  green  serpentine,  traversed  with  beautiful  wavy  lines  of  white 
marble.  The  latter  are  the  crystallized  tubes  and  branching  canals 
of  a  coralline  animal;  the  serpentine  has  taken  the  place  of  the 
flesh  and  body  of  the  animal  itself.  The  specimen  shows  that  these 
Laurentian  rocks  were  not  devoid  of  life,  but  may  have  teemed  with 
it.  And  since  this  specimen  has  been  found,  many  others  have  been 
dug  up  throughout  Canada  and  along  the  Grulf  of  St.  Lawrence. 
The  animal  has  been  called  the  Eozoon  Canadense — Eozooe,  from 
two  Greek  words,  one,  Eos,  signifying  c?ait'??,  the  other,  zoon,  meaning 
animal — the  animal  that  was  harbinger  of  the  dawning  of  life  upon 
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oiirglijbo.  1 1  liJis  not  only  bcon  foiiii'l  in  Canada,  hut  also  in  the  limc» 
stones  of  ClKilmsfoitl,  in  iiortfjciaslcrn  NfaHsachu.sijtls,  Muowin;^  that 
thcMV,  too,  rocks  Imt  lately  regarded  us  A/oic  arc  of  the  Laurcntian 
ago,  and  contain  fossils.  The  (!videnc<i  has  bren  rajjidly  aceurnu- 
lating  during  the  course  of  the  past  five  years,  and  alreafiy  five 
more  species  have  been  found  in  rocks  of  a  similar  character.  In 
great  probability,  now  that  the  attenticMi  of  naturalists  has  been 
called  to  the  trui^  naturti  of  these  btuls,  and  instead  of  passing  ovrtr 
them  with  indifi'erence,  geologists  are  everywhere  examining  them 
with  the  most  careful  scrutiny;  before  another  five  years  have 
passed  away,  wc  may  be  made  acquainted  with  not  only  five  but 
with  00  dirtercnt  kinds  of  animals  that  flcnirished  in  the  falsely 
called  Azoic  age. 

If  these  25,000  feet  of  Laurcntian  sediments  contain  life,  it  is  op- 
posed to  all  probability  that  the  Iluronian  are  devoid  of  any  relics 
of  it,  and  that  an  immense  gap,  during  which  12,000  feet  of  muds 
and  schists  were  deposited  and  centuries  rolled  away,  intervened, 
during  which  no  life  existed  upon  our  globe,  and  that  a  new  cre- 
ation took  place  at  the  opening  of  the  Silurian  age. 

I  said,  in  the  beginning  of  the  lecture,  that  it  might  be  doubted 
whether  anywhere  there  existed  at  the  present  day  upon  the  face  of 
the  globe  a  fragment  of  the  original  crust  that  remained  exposed  to 
view  :  and  that  if  it  Avas  to  be  found,  it  probably  was  along  the  line 
of  the  Laurentian  Hills. 

In  the  light  of  recent  discoveries,  may  not  even  that  doubt  be 
regarded  as  dispelled  ?  When  the  foundation  had  been  laid,  was 
it  not  meet  and  proper  that  that  foundation  should  be  concealed  be- 
neath the  surface  and  only  the  superstructure  appear? — when  the 
granites  and  basalts,  which  are  as  little  adapted  to  supply  habita- 
tions for  animals,  or  food  for  plants,  or  ores  yielding  to  the  art  of 
man,  as  our  modern  traps  and  lavas,  had  served  their  use,  that  they 
should  give  way  to  something  more  soft  and  penetrable  ? 

As  dough  is  mixed  through  and  through  with  leaven,  so  is  the 
superstructure — (this  more  than  dozen  miles  of  sediment) — with  the 
germs  of  life,  with  food  and  fuel,  with  oil,  salt,  metal,  and  even 
meat  and  flesh.  Leavened,  so  that  animals  and  plants,  as  they  de- 
veloped into  forms  of  rarer  beauty,  and  bloomed  with  brighter  in- 
telligences, should  have  that  which  nourish  them  onward  to  a  higher 
life,  until  man  should  bud  forth  into  the  full  and  perfect  flower  of 
nature's  creative  energies. 
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Said -Dean  Swift,  and  this  alone  might  atone  for  everything  of 
savage  and  bitter  that  he  said  of  frail  and  fickle  manhood — "he 
that  makes  two  blades  of  grass  bloom  where  but  one  grew  before, 
is  a  public  benefactor."  But  in  Swift's  day,  the  chemist,  the  mine- 
ralogist and  the  geologist  were  unborn.  "What  is  to  be  said  of  him 
who,  like  the  illustrious  Prof.  Ilofmano,  has  found  the  secret  of  a 
hundred  new  dyes,  and  clothed  the  peasant  with  a  robe  more  bril- 
liant than  that  worn  by  a  Tyrian  king !  What  of  the  poor  Phila- 
delphia printer  who  robbed  the  tempest  and  the  thunder  cloud  of 
its  terrors !  What  of  the  poor  bookseller's  apprentice,  who  did 
more  than  any  one  else  to  make  of  electricity  and  magnetism  vehi- 
cles  that  should  outrun  time  and  keep  pace  with  thought !  What 
of  Count  Eumford,  the  Yankee  lad  whom  a  Bavarian  prince  enno- 
bled, and  who  first  showed  what  was  the  proper  amount  and  kind 
of  food  for  rations  for  artisans  and  soldiers  !  What  of  Liebig,  the 
father  of  organic  chemistry,  who  taught  us  how  to  make  food  im- 
perishable. 

He  that  discovers  a  new  continent  does  much,  but  he  that  finds 
that  which  will  feed  a  continent  of  people  does  vastly  more. 

And  in  this  superstructure,  these  piles  of  sediment,  ready  for  use, 
are  stored  away  fuel,  light  and  food  which  we  yet  know  little  of. 

Of  its  magazines  of  coal  and  its  recently  discovered  wells  of  oil, 
we  people  of  Pennsylvania  know  full  well — and  the  riches,  the 
comforts,  the  blessings  that  attend  them  we  know.  The  govern- 
ment of  Prussia  is  opening  up  yearly  new  mines  of  salt,  and  around 
those  mines  in  the  course  of  the  last  few  years  great  factories  have 
sprung  that  extract  of  the  salt  refuse  its  magnesia,  and  send  their 
refuse  to  recuperate  the  exhausted  lands  of  our  own  Southern 
States  with  the  potash  which  they  contain. 

Salts  of  iodine  and  bromine  are  being  mined,  so  that  these  bodies, 
invaluable  to  medicine  and  photography,  are  sinking  in  price  so 
rapidly  as  to  be  constantly  employed  for  fresh  uses. 

As  our  vast  cities  grow,  they  must  -  be  fed,  and  new  substances 
must  be  dug  from  the  ground  to- supply  the  wants  which  a  denser 
and  mare  cultured  population -bring.  -  ■        .      -  -.  . 

Therefore  must-every  geologist  examine  more  critically  the  coun- 
try-about  us,  and 'the -chemist' riiUst  put  its-  soils  and  minerals  and 
ores  to  a  more  searching  test  to  find  sbfnething  of  new  value. 

Therefore  must  an  enlightened  public  do,  of  its  free  will,  what 
the  monarchies  of  Europe  do  by  compulsory  taxation,  and  found 
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liilMiraturics  :iiiil  iiislitiito  HiirvoyM,  wliicli  may  diMcovcr  ami  [irovidu 
l)ofi)r('Ii:inil  fortlio  iicimIs  of  a  f^rowiiij^  |»<»|tiilation. 

Till)  I'.liemist  and  ^leolo^'ist,  liav<'  tlicir  lii;/li  and  njtpoiiilcd  vocation 
as  much  as  j>rii'st  or  jioliticiaii.  A  l-'ranklin,  wlio  tiiriiH away  from 
tlio  HpliMidor  of  courts  to  [x'ricct  electrical  macliincM,  and  a  Karaday, 
wlio  put  away  from  him  during  tlio  course  of  a  lifetime  a  quarter 
of  a  million  of  pounds  sterling,  and  preferred  the  pu})lic  goof]  to 
riches,  arc  not  the  least  noble  of  those  who  say  "  the  common  wealth 
is  their  greatest  wealtl),  the  public  weal  their  highest  good." 

Perhaps  there  are  some  here  who  will  have  an  instrumentality 
in  solving  some  of  the  problems  which  1  have  brought  before  you 
to-nigbt — some  who  may  make  the  glorious  discovery  that  these 
foundation  stones  of  Eastern  Pennsylvania,  tliose  which  we  liave 
so  often  tramped  over  before,  looking  only  for  the  minerals  they 
contain,  are  not  Azoic,  but  have  once  been  peopled  with  life.  To 
bring  into  order  what  has  hitherto  baMled  the  knowledge  of  geolo- 
gists, to  show  precisely  of  what  age  tbese  rocks  are,  and,  if  possible, 
to  detect  the  broken  and  confused  relics  of  crab  and  shell  which 
they  may  contain,  I  solicit  the  help  and  study  of  every  young  stu- 
dent in  my  audience.  And  to  encourage  and  stimulate  us  by  your 
interest  and  sympathy,  to  found  for  us  laboratories  wherein  we  may 
successfully  examine  the  material  that  we  have  gathered  from  the 
fields  or  dug  from  beneath  the  hills,  I  turn  to  you,  my  older  friends 
and  much  valued  fellow-members  of  the  Institute. 


ON  A  NEW  CONNECTION  FOR  THE  INDUCTION  COIL. 

B}'  Prof.  Edwin  ,J.  Hocstox. 

'  The  following  experiments  were  made  at  the  Central  High  School 
of  Philadelphia,  with  the  view  of  increasing  the  quantity  of  the 
spark  of  the  induction  coil  without  greatly  diminishing  its  length. 
The  instrument  used  was  made  by  Eitchie,  of  Boston,  and  will 
throw  the  spark  six  inches  in  free  air. 

One  of  th€  poles  or  ends  of  the  secondary  wire  was  connected  with 
the  earth  by  a  copper  wire  attached  to  a  gas  pipe.  The  other  pole 
was  connected  with  a  wire,  which  rested  on  a  large  lecture  table 
holding  the  coil.  On  turning  the  break  piece,  the  electricity,  in- 
stead of  being  lost  by  passing  along  the  wires  to  the  earth,  jumped 
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from  the  pole  connected  with  the  table,  to  that  connected  with  the 
earth.  The  thickness  of  the  spark  was  greatly  increased,  its  length 
diminished,  and  its  color  changed  to  a  silvery  white,  as  when  a 
Leyden  jar  is  placed  in  the  path  of  the  discharge. 

While  the  electricity  is  flowing  between  the  points,  long  sparks 
may  be  drawn  from  any  part  of  the  table,  or  from  any  metallic  ar- 
ticle within  eight  or  nine  feet  of  the  coil.  On  one  occasion  the  gas 
was  lighted  by  a  spark  drawn  from  the  finger  of  a  person  standing 
on  the  floor.  The  gas  pipe  being  in  almost  perfect  connection  with 
the  earth,  the  spark  must  have  been  given  to  it  from  the  body  of 
the  person. 

On  another  occasion  one  wire  was  attached  to  the  gas  pipe  as  be- 
fore, and  the  other  to  a  stove,  whose  pipe  connects  with  that  of 
another  stove  in  an  adjoining  room.  The  thickness  of  the  spark 
was  greatly  increased.  Sparks  were  drawn  from  the  distant  stove, 
and  even  from  a  small  steam  engine,  which  latter  was  fully  thirty 
feet  from  the  coil.  In  all  the  experiments  it  was  found  necessary 
to  insulate  the  handle  of  the  break  piece,  as  a  slight  shock  was  ex- 
perienced at  every  break.  The  poles  being  kept  at  a  distance  from 
each  other  less  than  the  insulating  power  of  the  coil,  six  inches,  no 
danger  of  injuring  the  instrument  was  apprehended.  In  one  instance 
sparks  were  drawn,  in  a  room  underneath  the  adjoining  room,  from 
a  wire  which  connected  with  the  table  on  which  the  coil  rested. 

These  facts  showing  great  loss  of  the  electricity,  but  indicating 
the  need  for  a  large  conductor,  probably  to  allow  the  rapid  discharge 
of  the  secondary  wire,  a  large  insulated  conductor  was  extempo- 
rized by  placing  some  old  tin  stills  and  percolators  on  large  glass 
jars.  On  connecting  one  of  the  poles  with  this  conductor,  and  the 
other  with  the  gas  pipe,  the  quantity  of  the  spark  was  increased, 
though  there  was  reason  to  believe  that,  with  a  larger  conductor, 
better  results  would  have  been  obtained.  The  conductor  was  then 
divided  into  two,  of  about  equal  size,  which  were  connected  with 
the  poles.  The  quantity  of  the  spark  was  increased,  with,  however, 
great  dimination  in  the  length.  By  successively  diminishing  the 
size  of  one  of  the  conductors,  and  increasing  that  of  the  other,  the 
length  of  the  spark  was  increased,  without  any  sensible  diminution 
in  its  quantity,  until,  when  one  of  the  conductors  was  less  than  one 
square  foot  in  surface,  a  fine  quantity  spark  of  about  five  inches  was 
obtained. 

It  will  be  noticed  that  this  connection  is  somewhat  similar  to  that 
used  in  the  common  cylinder  or  plate  machine,  in  which  one  of  the 
conductors,  generally  the  negative,  is  connected  with  the  earth,  and 
the  quantity  of  the  electricity  thereby  increased. 


On  ////•   /'■-  ,,/"  flifUraulir  Mortar.  -f"* 

In  Jill  \\\<'  ('XjH'i  itrniiis  Ml  which  oruj  pole  was  in  partial  cxfi 
ncctioii  willi  tlio  nartli,  as  when  it  rf.stnl  on  tho  Inhlr,  thn  Iomh  of 
oloctricity  nuj.st  havo  huen  vory  ^'icat,  for  ncvcrai  guH  and  water 
pipes  aro  in  connection  witli  tho  table.  If,  then,  the  talile  rnen-ly 
scrvcH  as  an  iinporfeetly  insulated  conduet«)r,  which  allows  the  rapid 
induction  of  electricity  in  tho  secondary  wire  by  itu  rapi<l  discharjjo, 
and  thoroby,  notwitiistantliti^  tlio  loss,  gives  so  groat  an  increu.Mo  in 
the  quantity  of  the  spark,  it  would  scorn  that  if,  instead  of  the  table, 
an  insulated  conductor  of  very  lar^o  surface  were  usod,  a  much 
greater  incroaso  in  quantity  would  be  obtained. 

It  would  seem  from  tho  above  experiments  that  the  maximum 
increase  will  be  obtained  when  one  of  the  poles  is  connected  with 
an  insulated  conductor,  say  several  hundred  square  feet  in  surface, 
and  tho  other  witli   the  earth. 


ON  THE  USE  OF  HYDRAULIC  MORTAR. 

[Translated  from   "Die  li3-draulis(hcn  Mortel  "  of  Dr.  AV.  Michnrli):,  for  th«» 
Journal  of  the  Franklin  Institute.] 

l>y  Akolph  Utt. 

(Conlinue'l  frorn  page  '-V-i'i.) 

On  the  Preparation  of  the  Mixture. 

In  preparing  hydraulic  mortar,  it  is  advisable  to  begin  in  mixing 
the  dry  lime  or  cement-powder  with  clean  sand.  When  these  form 
a  thorougli  mixture,  the  requisite  quantity  of  water  mu.st  be  gradu- 
ally added  under  constant  stirring  up  of  the  material.  In  no  other 
way  can  a  uniformly  and  evenly  mixed  mortar  be  obtained  with 
rapidly  binding  lime  or  cement ;  while,  if  the  lime  or  cement  is  first 
mixed  with  water,  a  partial  binding  and  consequent  clogging  of  the 
material  takes  place,  which  either  precludes  the  possibility  of  a 
perfect  and  satisfactory  mixture  of  the  sand  then  added,  or  renders 
it  at  least  extremely  difficult. 

It  is  self-understood  that  the  water  must  be  clean,  that  is  to  sav, 
free  from  all  such  substances  as  may  interfere  with  the  adhesion  of 
the  particles,  like  clay,  mud,  grease  and  mucilaginous  matter. 

The  mixture  of  water  ought  to  be  such  as  to  secure  a  product 
of  the  most  even  consistency  ;  this  is  no  doubt  obtained  with  less 
difficulty  and  more  chance  of  success  through  the  use  of  mortar- 
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machines.  If,  however,  the  mixure  has  to  be  made  by' hand- work, 
careful  and  rehable  persons  ought  to  be  chosen  for  the  work,  which 
should  be  paid  for  by  the  day  or  week,  and  not  given  out  under 
contract. 

It  is  of  especial  importance  not  to  make  the  mortar  too  soft,  be- 
cause, as  we  have  already  repeatedly  shown,  and  as  has  been  proven 
by  numerous  experiments,  the  quality  and  solidity  of  the  mortar  is 
directly  dependent  on  the  quantity  of  water  it  contains  at  the  mo- 
ment of  its  hardening. 

While  ^erj  good  Portland  cement,  for  instance,  requires  only  30 
parts  in  weight  of  water  for  every  100  parts  in  weight  of  cement  to 
produce  a  mortar  of  sufficient  consistency,  there  are  other  descrip- 
tions which  must  be  mixed  with  at  least  40  parts  of  water  ;  but  as 
in  either  case  the  quantity  of  water  chemically  bound  is  almost  pre- 
cisely the  same,  and  as  the  surplus  water  evaporates  in  course  of 
time,  it  is  evident  that  the  density  and  solidity  of  the  former  ce- 
ment must  be  far  greater  than  that  of  the  latter. 

With  very  good  Portland  cement,  however,  the  disadvantage  of 
an  excessive  admixture  of  water  is  averted,  in  a  great  measure,  in 
consequence  of  its  specific  weight  and  peculiar  powder-like  form, 
which  cause  its  speedy  settling  towards  the  bottom,  and  its  effectual 
separation  from  the  surplus  water  ;  but  another  inconvenience  fre- 
quently arises  in  the  separation  of  the  mortar-mass,  inasmuch  as  the 
coarser  particles  settle  near  the  bottom,  while  the  finer  ones  remain 
nearer  to  the  surface.  Whenever  other  descriptions  of  hydraulic 
lime  or  quickly  hardening  cement  are  used,  the  quantity  of  water  to 
be  admixed  must  be  most  carefully  measured,  or  its  due  proportion 
ascertained  by  previous  repeated  experiments. 

An  especially  careful  preparation  is  necessary  for  pozzuolana  mor- 
tar, because  with  them  all  reactions  are  expected  to  take  place  after 
the  mixture  has  been  completed. 

The  mixture  of  hydrate  of  lime  and  pozzuolana  must  be  as  dense 
and  thorough  as  possible. 

The  pozzuolana  ought  to  be  reduced  to  very  fine  powder,  and  the 
mixture  with  the  lime  must -be  as  effective  and  intimate  as  possible. 

Theuse  of  a  machine  like"  Hertel's-  corabihed  clay  cutting  appa- 
ratus is  most  commendable  for  this  purpose ;'  because  the  greatest 
possible  density  and  uniformity  of  the  mixture  is  thus  obtained.  • 

The  preference  must,  in  all  instances,  be  given  to  the  employ- 
ment of  machine  power,  because  it  is  impossible  to  obtain  a  satis- 


Oil  the  U»t:  i,/  lli)iliauliii  Murtur.  121 

I'lU'loiy  iiiixhiio  i»y  IhuhIwcjiIv   in  iiny   otliur   v..       '  i  a 

ploiilildl    iisi'  (>r  \vatt;r.      'I'liu   result   of  iIiIh   •  in; 

«>l  waltT,  liowcviT,  is  a  sdli,  pji|>likc  MubHtaiicc,  which  can  never 
1)0  mado  iiilo  a  tleiiso  and  .soli" I  inorlar.  It  shrinks  M[)C'ctlily,  gets 
cracky,  and  yot  remains  slack.  In  casc.-i  when;  j»oz/iiolana  inorlar 
is  to  be  exposed  to  the  inlliienco  of  tljc  Inrbuleiit  acit,  and  wiicrc  it» 
strength  and  solidity  is  therefore  most  severely  tried,  the  greatest 
care  in  its  i)rei)aration  is  advisable.  Xotiiinj^  which  may  tend  to 
increase  its  duraljilily  onyht  to  be  overUjoked,  Jn  hooking  over 
the  numerous  directions  given  for  the  preparation  of  sucli  mortar, 
it  is  surprising  to  .see  the  wide  diflerence  of  the  .several  methods  re- 
commended, and  the  proportionately  small  quar)lily  of  lime  almost 
universally  advocated. 

The  former  circumstaucc  linds  its  explanation  in  tlie  diflerent  de- 
scriptions of  pozzuolana,  or  in  the  local  peculiarities  and  influences 
of  the  places  where  it  is  found,  or  where  it  is  to  be  used  ;  and  it  is 
even  advisable  to  experiment  with  regard  to  the  various  [)ropor- 
tions  of  material  to  be  used,  iu  order  to  ascertain  how  to  attain  the 
most  favorable  result  iu  any  special  case. 

The  second  point,  however,  is  worthy  of  a  more  minute  consi- 
deration. In  defining  the  hardening  process  of  pozzuolana  mortar, 
we  have  already  made  the  remark  that  a  great  portion  of  the  poz- 
zuolana remains  ineftective,  in  con.sequence  of  the  relatively  small 
quantity  of  lime  used  in  its  preparation. 

This  limited  use  of  lime  we  explain  in  the  following  manner: 

Whenever  there  is  a  great  surplus  quantity  of  pozzuolana  the 
lime  finds  a  sullicient  quantity  of  easily  accessible  and  binding  sub- 
stances, as  silicic  acid,  alumina,  &c. ;  in  a  short  while  the  quicklime 
is  thus  almost  completely  converted  into  hardening  compounds, 
and  the  consistence  of  the  mortar  is  likewise  secured  in  a  compara- 
tively small  lapse  of  time. 

But  if,  on  the  contrary,  pozzuolana  mortar  is  mixed  with  a  quan- 
tity of  lime  capable  of  securing  the  only  possible  hydraulification 
of  the  lime,  a  very  large  proportion  of  this  base  would,  for  a  long 
time,  remain  in  the  substance  as  quicklime  ;  during  this  period  the 
power  of  resistance  as  well  as  the  density  of  the  mortar  -would  be 
materially  impaired,  while  under  water,  through  the  agency  of  such 
an  easily  soluble  substance  ;  and  it  would  take  a  long  time  before 
sucli  mortar  could  resist  the  influence  of  water. 

It  is  better,  therefore^  to  renounce  such  proportion  of  thehydrau^ 
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lificating  faculty  as  would  only  become  effective  after  a  Jong  lapse 
of  time  in  all  cases  where  water-mortar  is  to  be  made  with  pozzuo- 
lana  for  immediate  use. 

It  is,  however,  undoubtedly  advisable  to  take  a  greater  propor- 
tion of  lime,  and  to  allow  more  time,  in  order  that  the  various  sub- 
stances of  which  the  mixture  may  be  composed  can  have  fall  chance 
to  act  upon  one  another  before  the  mortar  is  brought  into  use. 
In  so  doing,  the  following  advantages  are  secured  : 
(1)  The  chemical  reactions  will  be  more  complete. 
_  (2)  In  consequence  of  the  more  uniform  course  of  these  reac- 
tions,  the  substance  becomes  more  dense,  and  the  consistence  of  the 
mortar,  subsequent  to  the  hardening  process,  is  more  safely  secured. 
After  the  pozzuolana  has  been  reduced  to  the  finest  powder,  it  is 
mixed  with  lime,  which  must  be  previously  reduced  to  a  stiff,  pap- 
like  condition;  to  these  materials  a  sufacient  quantity  of  water  has 
to  be  added  to  produce  a  mass  of  a  certain  consistence.     The  use  of 
Hertel's  clay  cutting  apparatus  or  of  a  similar  machine  is  advisable. 
After  leaving  the  substance  alone  for  a  few  days,  the  mixing  pro- 
cess has  to  be  repeated  several  times  with  the  addition  of  the  requi- 
site quantity  of  water. 

(To  be  continued.) 
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Proceedings  of  the  Stated  Meeting,  February  15th,  1871. 

.^"The  meeting  was  called  to  order  at  the  usual  hour,  the  President, 
Mr.  Coleman  Sellers,  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved 
Ihe  Actuary  submitted  the  minutes  of  the  Board  of  Managers 
and  reported  that  at  the  stated  meeting  held  March  8th,  inst°do' 
nations  to  the  library  were  received  from  the  Society  of  Arts'  the 
institute  of  Civil  Engineers,  and  Lieut.  Col.  Edward  Sabine,  Lon- 
don England ;  Hon.  Secretary  of  State,  Hon.  William  D,  Kellev, 
Washington  ;  American  Philosophical  Society,  Dr.  E.  P.  Wvckolf 
and  Messrs.  Hillibrand  and  Wolf,  Philadelphia.  ' 

The  committee  appointed  to  report  on  the  estimation  of  H   p.  of 
engines  and  boilers  reported  progress. 

The  Secretary  then  read  his  monthly  report  on  Novelties  in  Sci- 
ence and  the  Mechanic  Arts,  after  which  the  Institute  adjourned. 

W.  H.  Wahl,  Secretary. 


FmukUii  Imtilntf. 


-l-'.'J 


Procreilin'/it  nf  thr  Slatal  Mectiu'j^  Afarch  1/j/A,  1871, 

The  mooting?  was  crillc<l  to  order  at  tlio  uMual  hour,  with  ihc  Pro- 
sidmit,  Mr.  Coli'inaii  Sfllcrw,  in  the  cliuir.  Tim  rriinijle«  of  tin;  last 
mooting  woro  road  and  aj)|»rovod. 

Till!  Acliiarv  suhiiiitlcd  llio  riiiimtos  ol'  llitr  lit^ard  of  "  -, 

and  roportml  that  at  a  nicoling  lioKl  at  tlio  Hall,  tlic   IJ"  i- 

ni/Aul  in  accordanco  willi  the  annual  cicoiiori  of  .January  2o,  by 
oloctinj^  Blootndold  II,  Mooro  and  Cliarlo.s  Bullock,  Curalor.s;  and 
William  Hamilton,  Actuary  for  the  cn.suing  year:  and  by  apjjoinliiig 
the  iollowinj^  .standing  committees: 


(hi  Instruction. 

Williamll.  Wahl, 
Robert  E.  Jiogers, 
Kuoch  Lewis, 
Washingtou  Jones, 
Robert  Briggs, 


(,^n  Klcctioiui  and  lleisijnaliijm. 

Henry  (J.  Morris, 
Henry  Gartwrigiit, 
Clarence  S.  Bement, 
William  Helm, 
Theo.  Beri/ner. 


On  Stocks  and  /Y?U(/ur. 

William  Sellers, 
Frederick  Frale^s 
J.  Vaughan  Merrick, 
Enoch  Lewis, 
William  P.  Tatham. 

On  Exhihitions. 

J.  Yaughan  ^lerrick, 
William  Sellers, 
Charles  S.  Close, 
Bloomfield  H.  Moore, 
Edward  H.  Williams. 


On  Publication. 

Bloomfield  U.  Moore, 
Samuel  Sartain, 
Charles  Bullock, 
Pliny  E.  Chase, 
Joseph  M.  "Wilson. 

On  Sections. 

John  H.  Cooper, 
R.  Esdesf.  Griffith, 
H.  W.^Bartol, 
W.  B.  Le  Van, 
Hector  Orr, 


Furthermore,  that  at  the  stated  meeting  of  the  Board,  held  Feb- 
ruary  8th,  1871,  donations  to  the  library  were  received  from  the 
Royal  Astronomical  Society,  the  Royal  Geographical  Society,  and 
the  Institute  of  Civil  Engineers,  London,  Eng,,  and  the  Steam  Users' 
Association,  Manchester,  Eng.;  the  K.  K.  Geologischen  Reichsan- 
stalt,  Vienna,  Austria  :  the  Natural  History  Society,  Montreal,  Ca- 
nada ;  Col.  James  B.  Eads,  Chief  Engineer  Illinois  and  St.  Louis 
Bridge  ;  E.  S.  Cheesborough,  City  Engineer,  Chicago,  111. :  John 
"W.  Bast,  Surveyor  General  of  California  ;  and  from  D.  Sheppard 
Holmau,  Philadelphia. 

The  resignations  of  membership  in  the  Board  were  received,  of 
Messrs,  John  Birkbeck  and  Clarence  S,  Bement,  and  accepted,  with 
the  order  to  be  reported  at  the  next  meeting  of  the  Institute,    The 
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committee  appointed  at  fhe  last  meeting  to  consider  the  mode  of  es- 
timating the  H.  P.  of  boilers  and  engines  reported  progress. 

The  Secretary's  report  on  Kovelties  in  Science  and  the  Mechanic 
Arts  was  then  read. 

Under  the  head  of  new  business,  the  President  announced  the  ap- 
pointment of  the  following  gentlemen  upon  the  committees  of  the 
Institute  for  the  ensuing  year,  to  wit : 


Library. 
Charles  Bullock, 
Samuel  Sartain, 
Wm.  P.  Tatham, 
Henry  G.  Morris, 
Jos.  M.  Wilson, 
Wm.  H.  Wahl, 
Bloomfield  H.  Moore, 
John  C.  Browne, 
Percival  Eoberts, 
Pliny  E.  Chase. 

Models. 
Wm.  B.  Bement, 
Edward  Williams, 
Ewtl.  Brown, 
Theodore  Bergner, 
John  Goehring, 

D.  S.  Holman, 
William  B.  Le  Yan, 
Edwin  Smith, 
Charles  Mcllvain, 
Addison  Hutton. 

Minerals. 
John  C.  Trautwine, 
F.  A.  Genth, 
Theo.  D.  Band, 

E.  Eggleslield  Griffith, 
Albert  E.  Leeds, 
Clarence  S.  Bement, 
S.  B.  Howell, 

John  C.  Browne, 
William  H.  Wahl, 
Albert  C.  Peale. 


Arts  and  Manufactures. 
William  Adamson, 
John  H.  Cooper, 
Jacob  Naylor, 
Hector  Orr, 
Wm.  G.  Ehoads, 
William  P.  Tatham, 
Eafael  Estrada. 
James  Sellers  Bancroft, 
Alfred  Mellor. 

Meteorology. 
Isaac  Norris,  Jr., 
Eobert  E.  Eogers, 
William  H.  Wahl, 
John  Wise, 
Thos.  S.  Speakman, 
James  A.  Kirkpatrick, 
Pliny  E.  Chase, 
David  Brooks, 
Alexander  Purvis, 
John  G.  Moore. 

Meetings. 
Henry  Cartwright, 
Enoch  Lewis, 
Eobert  E.  Eogers, 
Ed.  Longstreth, 
B.  C.  Tilghman, 
Bloomfield  H.  Moore, 
Charles  S.  Close, 
William  H.  Wahl, 
Henry  G.  Morris, 
E.  E.  Griffith. 


The  election  of  two  members  of  the  Board  was  ordered  to  lill  V£i- 
cancies  caused  by  the  resignation  of  Messrs.  Birkbeck  and  Bement. 
Mr.  AVnu  Wharton,  Jr.  and  B.  C.  Tilghman  were,  upon  balloting, 
declared  duly  elected. 

The  meeting  then  adjourned. 

Wm.  H.  Wahl,  Secretary, 
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